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'I=0REW0RD 


The  Mid-America  Vocational  Curriculum  Consortium -(MAVCC)  was  organized  for  the 
purpose  of  developing  instructional  ipaterials  for- twelve  member  states.  Priorities  for 
developing  MAVCC- materials  are  determined  annually  based  on  tHe  needs  as  identified 
J^U-rnember-statesr^0he-t)f-tlje^pTO^  Mechanics.  This 


publication  is  designed  to  provide  the  needed,  instructional  material  for  diesel  engine 
mechanics  programs. 

The  success  of  this  publication  is  due,  in  large  part,  to  the  capabilities  afrthe  p^rsqnnel 
who  worked  with  its  development.  The'technical  writer  has  numerous  years  of  indus^ 
as  well  as  teefching  experience.  Assisting  him  in  his  efforts  were  representatives  of  each 
bf  the  member  states  who  br'ought  with  them  technical  expertise  and  the  experience  relatefl 
to  the  classroom  and  to  the  trade.  To  assure  th^t  the  materials  would  parallel  the  industry 
enviroriment  and  be  accepted  as  ^  transportable  basic  teaching  tool,  organizaticTns  and 
industry  representatives  were  involved  in  the  developmental  phases  of  the  manual. 
Appreciation  is  extended  to  them  for  their  valuable  contributions  to  the  manual. 

♦  •  • 

This  pu|)lication  is  designed  to  assist  teachers  in  improving  instruction.  As  tl^ese 
ptiblications  .are  used,  it  is  hoped  that  the  student  performance  will  improve  and  that 
students  vyill  be  better  ab\e  to  assume  a  role  in  their  chosen  occupation,  -dtesel  engine 
repair:  ^ 


^  lnstructif)nal  mafterials  in  this  publieatiori  are  written  in  terms  of  student  performance 
using  measurable  objectives.  This  is  an  innovative  approach  to  teaching  that  accents  and 
augments  the  teaching/learning- process.  Criterion  referenced  evaluation  instruments  are 
provided  for  uniform  measurement  oi  student  progress.  In  addition  to  evaluating  recall 
ihfo^fna,tion,  teachers  are  encouraged  to  evaluate  the  other  areas  including  process  and 
product  as  indicated  at  the  end  of  eacji  instructional  unit. 

'  It  4S  the  sincere  belief  of  the'.MAVQC  personnel  and  all  those  members  who  served 
on  the  committees  that  this  publication  will  allow  the  stbdents  to  liecome  better  prepared 
and  more  effective  rhembers  of  the  work  force.  ^  >| 

1 

*  »  *     Don  Eshelby,\Chairman 

i       .  *  '     .         ;        ^  Board  of  Directors- 
*'      ^       '         ,        *        '  Mid-America  ^^cationa^ 
,     "  ^  Curriculum  Consortium 


PREFACE 


•  Fpr  many  years  those  responsible  for  teachinlg  DFesel  Engine  Mechanics  have  felt  a 
need  for  instructional  materials  to-Mse-in  this!  area^A*team  of  teachers,  industry 
, representatives,  and  trade  and  indus'tri'al  educatioh  staff  members  accepted  this  challenge, 
and  have  produced  manuals  which  will  meet  thef  needs  o.f  many  types  of  courses  where 
students  are  expected  to  become  proficient  in  th-fe-area^of  diesel  engine  repair.  The  MAVCC 
Diesel  Engine  Mechanics  publication  is  designee/  to  include  the  basic  information  needed 
to  be*  able  to  repair  most  diesel  engines. 

Every  effort  has  been  made  to  make  tMs/publication  b^sic,  readable,  and  by  all  means 
'  usable..  Three  vital  parts  of  instruction yhive  been*  intentionally  orfiitted*  from  this 
publication:  motivation,  personalization,  .and  localizajion.  These  areas  are  left  to  the^ 
individual  instrtfctors  and  thei  instructors/shbuld  capitalize  on  them.  Only  then  wiH  this 
publication  really  become  a  vital  part  of  yihe  teaching-learning  process. 

...  f  .      \'  /  , 

In  addition,  we  would  appreciate  Wir  help.  We  cjjeck  for  content  "quality,  spelling, 
and  typographical  error^  many  times  in  the  developnfient  of  a  manual.  It  is*still  possible, 
•however,  for  an  error  to  show*up  in V  publication. 

It  in  the  use  of  this  publication,  Vou  should  find  something  questionable  we  would 
appreciate  you  bringing  it  to  our  attentioi;t.  A  copy  of  the^age  or  pages  .in  question 
with  your  suggestions  for  correction  would  certainly  help  us  whe^  we  revise  and  update 
materials.  .  *  / .  ^  ^ 

iM^'<.  « 

WeVe  trying  to  provide  yoU  with  the  best  possible  ccrrrictrltrm  materials  and  will 
certainly  appreciate  your  help  in  detecting  areas  where  possible  corrections  are  needed 
to  maintain  jl;ie  quality  you  want  and  deserve,         *     •  ,  '      '  -  ^ 


Ann  Benson 

Executive*  Director  ^ 
Mid-America'  Vocational 

Curriculum  Cohsortium,  Inc. 
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U§E.  OF  T\^IS  PUBLICATION 


Instructional^  Units  .  ,        '         •  ' 

*    \  .     ,     -  ^ 

The  Diesel  Engine  Meclianics  curriculum  includes  eight  sections.  Each  section  consists 
of  one  or  more  units  of  instruction^  Each  instructional  unJrincludes  sorpe  or  all  of  the 
basl6  components'  of  a  unit  oHnstruction;  perforijiance  objectives,  suggested  activities  for 
teacher  and^studeQts,  information,  sheets,  assignment  sheets,  job  sheets,  visual  aids,  tests, 
and  answers  to, the  |fest.  Units  are 'planned  for  mo£p  thaff  one  lesson  or  class  period  of 
instruction..      ^  '       -  '   '  .  ,  ' 


r 


.  ■ ,  ♦  '  ♦ 

Careful  study  pfeach  instructional  unit^  by  the  teacher  will  help  toi  determine: 


A-. 
B. 


C. 
D. 


'the  amount  of  material  that  can  be  covered  in  each  class  period. 
The  skills  which  must  be  demonstratedf' 

^  l.^^^upplies  needed'  -  >    '    '  " 

j^^^.   Equip mei^  needed"  . 

3.  >     Amount  of  practice  needed     .   •       •         '  ' 

4.  Amotant  of  class  time  needed  for  demonstrations 
SupplementafY  materials  such  as  pamphlets^^^pd  filmstrips  that  must  be  ordered. 
Resource.  Deople  that  must  be  contacted. 


Objectiv^^ 

Each^  uni/^of  instruction  is  based  on  performance  objectives^  'These  objectives  state 
the  ^oals  of/the  course,  thus  providing  a  sense  of  direction  and  accomplishment  for  the 
student.  .  '  -    '  "  -  . 

^    Performance  objectives  are  stated  in  two  fofms:  unit  objectives,  stating  the  subject 
matter  to  be  covered  in  a  unit  of  instruction  and  specific  objectiv^i,  stating  the  student 
'performance  necessary  to  Yeach  the  unit  objective.  •  . 

Since  the  objectives  of  the  urjit* provide  direction  for  the  teachrng-learhing  process, 
it  is  important  for  the  teacher  and  students  to.  have  a  common  understanding  of  the  intent 
of  the  objectives.  A  ttniit^d  number  of  'perform'ance  terms  have  been  usedjn  the  objectives 
for  thisT curriculum  to  aSsi§t  in  promoting  the  effectiveness  of  the  communication  ahiong 
all  individuals  using  the -materi^s.  ^  \ 


Following  is  a  list  of  per 
used  in  this  material: 


^mance  term's^ and  their  synonyms  which  may  have  been 


Name 
Label 

List  in  writing 

List  orally 
y  Letter 
\Record 

Repeat 

Give 


Mentify 
Select 
Mark'  ' 
Point  out 
Pipk  out 
ChboSfe 
Locate  ♦ 


DescKfbe  .>  ^ 
Dpfine 

Discuss  in -writing » 
Discuss  orally  /  .  * 
Interpret 
rTell  how  ^ 
Telf  what 
Explain 


Order  . 
Arrange 
Sequence  *  , 
List  in'  order 
Classify 
Divide      ,  * 
Isolate 
Sort 


^  Distinguish 
Discriminate^^ 


•  Construct 

*  Draw 
Make 
Build 
Design^  ' 
Formulate 
Reproduce 
Transcnbp 
ReduceL 
Increase 

,  Figure 


Additional  Terms  Us^d 

Evaluate 

Complete 

Analyze 

Calculate 

Estimate 

Plan 

Observe  . 

Compare 

Determine 

Perform  y 


Prepare 
Make  ~" 
-Bead 
Tell 
Teach 
Converse 
Lead 
State 
Write  • 


Demonstrate 
Shpw'  Vour  work 
Show  procedure* 
Perform  an  experiment 
Perform  the  §jeps 
Operate 
Remove  . 
^Replace 

Turn  off /on.  - 
(Dis)  assemble 
(Dis)  connect 

^Readmg  of  the  objectives  bylhe  student  should  be  followed  by  a  class*  discussion 
to  answer  any  questions  concernfng  performance  requirements  for  each  instructional  unit. 

Teachers.  sRbuld  feel  free  to  add  objectives  which  will  fit  the  material  to  the  needs 
of  thel  students,  and  community.  When  teachers^add  objectives,  they  should  remember 
to  supply  the  needed  information,  assignment  and/or  job  sheets,  and  criterion  fests. 

Suggested  Activities  -     ^     ^  »  '       ^  , 

Each  unit  ofSnstruction  has  suggested  activities  shegt  outlTning  steps  to  follow 
in  accomplishing  specific  .objectives^  The  activities  are  listed  according  to  vyhether  they 
are  the*  responsibility  of  the  insfl^uctor- or  the  student.       •   \  ^  ^ 

Instructor:  Duties  of  the  instructor  wiH  vary  accordmg  to  the  particular  unit;  h6w:ever, 
for  best  use  of  the  material  they  should  include  the  folloA/ving;;  provide  students  with 
objective  sheet,  information  sheet,  assignment  sheets,  and  job  sheets;  -preview 
filmstrips,  make  transparencies^  and  arrange  for  resource  materials  and  peopfe;  discuss 
unit  and  specific  objectives  and  information  sheet;  give  test.  Teachers  are  encouraged 
to  use*  any  'additional  instructional  activities  and  teachjng  methods  to  ai5  students 
.  *  in  accomplishing  the  objectives.   .       '  * 

Students:  Student  activites  are  lis^^d  which  will  help  the 'Student -to  achieve  the 
''objectives  for, the  unitT^  .     .  -   .        ^  . 

.A     .         .  .         .  ■ 

.10 


9. 


-,  Information  Sheets.  , 

I      ^  '  '  •  • 

•    InformatfQn  sheets  provide  content  essential  for  meeting  the  cognitive  (knowledqe)- 
objectives  of  the  unit,  ^the  teacher  will  find  thai Jnformation  sheets  serve  as  an  excellent 
guide  for  pretenting  the  background  knowledge  necessai:y  to  develop  the  skills  specified  , 
rn  the  unit  'oljjective.  '  '  ■  ^ 

■  *  '■  - 

■      Students  should  read  the,  mformation  sheets  before  the  information'is  discussed  in  • 
class.  Studerrts  may  take  additional  -notes  on  the  rnformatlon  sheets. .  '  ' 

Transparency  Masters  '  >      ;  .  t  ' 

^  ^  -  • 

I  ransparency  masters  provide  information  in  'a  special  way.  The  students  tnay  se^ 
as  well  as  hear  the  material  being  presented/ thus"  reinforcing  the  learnihg  process.  ^ 
TF^nsparencies  may  pre?ent  new  information  or  they  may  reinforce  information  presented 
m  the  information- sheets.  They  are  particularly  effective'  when  identificatipn  is  necessary." 

Transparencies, should  be  made  and 'placed  in  th»' notebook  wKere  they- will  be 
immediately  availablfe  for  use.  Transparencies  direct  the  class's  attentiorr  to  the  topic  of 
discussion.. They  should  be  left.on  the  Screen  only  w]ien  topics  shown  are  urtder  discussion.  ' 

-  Job  Sheets  '  ^  .  w       .    -  ,  ' 

•   = —        >      ■  -  '  ' 

Job  sheets  are  an  important  segment  of  each'  unit.  The  instructor  should  be  able  .  v 
to  and.  in- most  situations  should  demonstrate  •  the  skitls^ outlined  iii  the  job  sheets. 
Procedures  outlined  in  the' job  sheets  give  direction  to  the'skill  being  taught  and  allow 

^J)oth  student  and  teacher  to  check  studefyi  progress  fbward  the  accomplishment  of  the     '  * 
skill.  Job  sheets  provide  a  ready  outline  for  students  tp  follow  if 'they  have  rnissed  ^' 
demonstration..  Job  sheets  also  furnish  potential  employers  with  a  picture  of  the  skills 

.  being  taught  and  the  performances  which  ,jnight  reasonably  "be  expected  from  a  person-        ■  •. 
who  has  had  this  training. 

•  /  ^ 

Assignmenf  Sheets  -         •  -  »  "  * 

.  /'         ^     '  * »  ^  '      *    .  '  > 

Assignment  sheets  give  direction  to, study  and  furnish  practice  for  paper  and  pencil 
activities  to  develop  the  knowledges  which  are  necessary  prerequisites  to  skill  development.  - 
These  may  be-givan  to  the 'student  for  completion  in  "class  or  used  for  homework' 
assignments.  Answer  sheets  are  provided  which  may  bemused  by  thestucjent  and/or  teacher  * 
for  cKecking  student  progress.    '  ^  '  ^  , 

Test  and  Evaluatiofn  ^     .  ^  ^  ■ 

^  f Paper-pencif  and  performance  tests  have  been -oonstructed  to  .measure -.student 
achievement  of  each  objective  listed  in  the  unit  of  irtstructiori?*fndivjdual  test  items. may'*- 
bejDulled  oi^t  and  uspd  as  a  short  test  to  .determine  student  achievement  of  a  particular- 
..^'^^cliy.^: /'^'s^kind  of  testirtg  may  be  used  as  a  daily  quiz  and  .will  hefp  the'teach^r 
spot  difficulties  being  encountered  by  students  m  their  efforts  to  accornplish  the  unit 
.objective..  Test  ite)ns  for'obf^tives  added  »by  the  teacher  should  be  constructed  and  added  ' 
to  the  test         ^  *  • 

Test  ^nswersj 

Test-answers  are  provided  for  each  unit..  These  may  b4  used  bylthe  teacher  and/or 
.student  for  checking  student  achievement  of  the  objectives.  "  . 

i       ■  »  '      .  ■  ^ 

^  ^  .  _  '  —      ^  xni  ,         -  '  I 


'    "    ^        '      DJ^SEL  ENGlNlE  MECH/^NICS  '  .  . 

~.     .     -   •       INSTRUCTIONAL/TASK  ANALYSIS 
•  '      .       \  / 

Job  Training:  What  tKe  •  ,      ,    •      Related  Information:  What  the' 

Worker- Should 'Be  Able  tg  Do  .  -Worker  ShouJd  Know 

(Psychomotor)  .      ^  * .  .  •  •  (Cqgnitiv.e) 

■    V  SECTION  A--UNIT  I:  ORIENTATION  '  * 


1.  '   Occupational  QUtlqjbk 

2.  ^  Places  for.  empjoymeht 
3..\  JSfepsun  shopwork 

4/      Bngrne  applications 


Conoplete  a  persohal  inforjnatron  ' 
sheet  ^  "  ^ 


*  uNi;r     SHdP  safety. 

/7  Colors  of  tf\e  color  code 

2.  '  Personal  safety  .rules  * 

\    '      f        .3.  Shop  safety  rule?  ' 


r 


7.       Complete  a  safety  pledge  forin 


4.  '     Sources  of  accidents 

5.  Classes  qf  fifes 

6-     '  JV^es  ,       of'  fire 
extmguishers  \? 


Complete  individual  student  shop     j  "  '  V  *  ^ 

>->^^  safgty  inspection       >  ,  ^  •     '         '  -  \     ,  4  / 


^     UNIt'hI:  BA^IC  ^HOP^OOLs 


1 .  Typ^s  of  teols  »  ' 

2.  Precautions  in  using  a^ 
hacksaw  ,  T 

3w  ^  'Parts  of.  a  twist  drill 

4..'  .Pullers     '  . 

5.  Measuring*  tools 

6.  Methods  pf  'nctaintaining 
^   '  shop*ia)ls 


JOB  TRAINING:  What  the 
Worker  Should  Be  Able  to  Dtf 
(Psychomotor) 


RELATED  INFORMATION:  What 
the  Worker  Should"  Know 
(Cognitive) 


7. 
8. 
9. 
10. 
.11.' 
12. 
13. 
*  14. 
15. 
16. 
17. 
18.' 

is. 

20." 

21. 
22. 
23. 
24. 


-4 


Read.  #ie  micrometer 
Read  ihe  vernier  micrometer- 
Sharpen  a  twist  drill 
Drill  holes  with  a  drill  press 

\ 

.Reshape  a  cold^chisel 
Cut  flat  metal  with  a  cold*  chisel      '     .  — ' 

Dress  a  grinding  wheel  '  . 

f^l^  screwdriver  *  ^  '  ^ 

Replace  a  hammer  handle^     '  •  *      •  * 

t 

Tin  a  soldering,  iron  '      • ' 

Solder  a  lap  joint  ^ 

Checlc  3^ torque^wr^ch  for  accuracy;  ,  , 

Draw  file  a  flat  surface  .  .*  »  : 

■ .    .   ■  \  ■  '  '    ^     /  :  "  . 

Draw-a  twtst  drill  to  correct.  *         '  .  ' 

center  ^ ;  ,  ^ 

Use  the  outside  micrometer 

Use-  the  vernier  micrometer  ; 

Gut  external  threads  '  — ^  "  ^  : 

Cut -internal  threads-  *  ' 

.     UNIT  IV:  TEST  EQUIPMENT  AND  SERVICE  TOOLS. 

,  .  1.  '  Types  o^  testing  tool§ 
2.  Types  of;  service  tools 
3. 


\ 


A- 


Testing  tool  factions 
.;  4.      Service  tool  functions- "  . 


VlOB  GAINING:  What  the" 
Worter  Should  Be  Able  to/Do 
(Psychomotor) 


4 


FIELATED  INFORMATION:  What 
the  Worker  Should  Know 
(Cognitive) 


UNIT  V:  FASTENERS" 


1.  "Types  of  fasteners 

2.  Bolt  head  styles 

3.  '  Thread  .measurement 
'4.  G/ade  'mjjjcings 

5.  Nuts 

6.  Special  purpose  nuts 

7.  Seized  nuts 

8.  Types  of  washers 

9. ^  Tools  to  restore  threads 
10/  Restore  internal  threads 

11,  Devices  for  locking  nuts  ^ 
.  or  holes 

12,  Maehijie  screw  head  design 

13, ^,  Types  of  snap  ^ings  ' 


SECTION :B"UNIT  I:  ENGINE  OPERATING  PRINCIPLES 


'  1.       Basic  parts  of  a  diesel 
engine 

2,  'Functions  of  parts 

3,  Operation  of, engine 

4,  '  Strokes 


5, 
6. 


UNIT  Mr  DIE.SEL  FUELS 


ERJC  : 


14 


Two  and  four  stroke 
differences 

Differences  in  gasoline 
and^.diesel^  engines 


Diesel  fuel  *combustion 
cycle 

Properties  of  diesef^  fufel 


xyii 


1 


JOB  TRAINING:  What  the  RELATED  INFORMATION:  \(Vhat 

Worker  Should  Be  Able  to  'Do  the  Worker  Should 

*  '  (Psythomotor)  .     -  (Cognitive) 


2.  Characteris^cs  *of  ^engine 
oils 

3.  '  SAE  viscosity  niymbers  ' 

4.  '  API  cla^ssification  system 

5.  Oil  "eontamlnants^ 
'6.  Oil  additives 
7.  •  Selection  of  oil 

UNIT  IV:  COOLANTS  • 

1.       Types  of  cooling  systfems 


2.  Parts  of  a  liquid'' coolings 
system 

t  • —  ■ , 

3.  .  Water  as  a  coolant 

4.  Antifreeze 

5.  Boilirfg  temperature  of 
common,  coolants 

6.  Maintenance  of  the  cooling 
system 


"  ErJc.      .    ■      ■  ■  .    '       ,.  ,  xviii 
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JOBJT^AINING:  What  the^  ' 
Wor|<«r  Should  Be  Able  to/ Do 
'  (Psycliorpotor) 


/ 


RELATED  INFORMATION:  What 
the  Worker-*Shoulcf  Know  * 
(Cognitive)     .■  >  \^ 


■  )iJNIT  BEARINGS 


2.. 

3. 

4. 


Bearing  functions 
Types  of  Bearings 
Load  forces 


Advantages  and  disadvanjages\' 
of  bearings   .       "  '  i 

Materials  for  constructing 
4bearings 

Lubricating  bearings 
Causes  of  bearing^  failure 
•  bearing  crush 

Anti-friction  bearings  ^  ^ 

Load  carrying  capacity 
Races  . 

Designs  of  ball/  bearings 
Types  of  needle  bearings 
MouQtlng^. 


Remove  and  instalh  plain  bearings 

Remove  and  install  anti-friction  > 
bearings  _         ,  .  ' 

Check  preload  bearing  setting, 
spring  scale  method 


UNIT  VI:  .SEALS 


1. 

Uses  '     *  / 

i  t 

2. 

Types  -          '  , 

.    3.  , 

Dynamic  seals " 

•4.  ' 

Static  seals^  * 

<      • ;  ■ 

.  5. 

Types  of  static  seals 

6.  • 

Catagories  of  seafants 

JOB  TRAINING:  What  the  ^ 
VVqfket  Should  Be  Able  to'  Do 
,  .  /  (Psychomotor) 


'8. 

g. 

10. 


RELATED  INFORMATION:  Whai. 
'the  Worker  Should  Know 
i^-  (Cognitive) 
*    ■  t 


InstaH  a  Padial  Hp  seal        i  ^  • 

"      SECTION  C--UNIT  I:  CYLINDER  HEAD  ASSEMBLY' 

'       ^  '  ^  .  /  ,    •  1. 


Parts  in  a  cylinder 
head  assembly 

2.  informs  of  .head  castings-  ,  . 

3.  Parts  of  a  valve  assembly  ' 

4.  Valve  rotators 

5.  *  Valve  arrangemen^ 

6.  '    Locations  for  turbulence 

chambers     '  *  • 

7.  Forrfts  of  engine  movements 


Remove,  inspedf'and  install  a 
cylinder  head 

Disassemble  and  service  valve  train " 

Service  valve'  guides,  valve.'seats, 
valve  seat,  inserts  and  assemble  • 
valve  train 


UNIT  II:  PISTON  AND  CONNECTING.  ROD  ASSEMBLIES 


i.,  Parts  of  piston  and 

.  connecting  rod  assemblies 

.  Piston  functions 

3.  Piston  ring  funrtions  ♦ 

4.  Piston  ring  types 

A 

5.  Piston  ring  joints 

6.  ^Causes  of  oil  consumption 

7.  Types  pf  piston  pins 

8.  Construction  of^cap  ends 


JOB  TRAfNING:  What  the 
Wprker  Should  Be  Able  to  Do 
(Psychomotor) 

9^      Service  piston  and  install 
piston  'rings 


10. 


Service  piston  pin  and  connecting 
rod.     •   '  . 

X  install  precisiori-rnsert 
connecting  rod  bearings 


'        '  ^ .        •  » 

ReiATed  INFORMATION:"  What 
the  Worker  Should  Know  .  • 
(Cognitive) 


I 


UNIT, III: /CAMSHAFT,  GEAR  TRAIN,  AND  fNGINE  TIMING 


r.       Parts,  actuated  By 
camshafts 


3, 
4. 
5, 


•Parts  of  camshaft  ...^ 

Parts  of  a  valv^  train  ^ 


Valv^  timing 
train 


1 


Remove  service  and  install  a 
/amshaft 

7.  /Adjust  valvf  clearance  on  a 
.  f  /  ^^/y.alve-in-head^  engine 


Umf  IV:  FRAMES  AND  -CVySbER^ l^fe 

•  .         ^       '1.     ^ationary  parts 


6.       Inspett,  remove  ar^d  repJace 
a  cylinder,  lin^r  . 


2..      Purpose  of  through-bolts 
on  "A  frame 

3.  Cylinder  construction 

J. 

4.  '  Removable  liners 

5.  '  Wet  and  dry  liners 


A 


UNIT  V:  CRANKSHAFTS  AND  BEARINGS  J 

"  "         ft  1*     ^^afjk^hafj  ccmstruGtioft' 

"  2.      Paris  of  a  Crankshaft 
'  3.  Throws 

4.      Crankshaft  balance 


'  18 


^JOB  TRAINING:  What  the 
Worker  Should  Be  Able  to  Do 
(Psychomotor) 


RELATED  INFORMATION:  What 
the  Worker  Should  Know  • 
(Cognitive)  ' 


12. 


5. 

Crankshaft  lubrication 

6. 

Bearing  blocks 

7. 

Bearing  crush 

8. 

Oil  grooves  • 

•9.; 

Thrust  bearings 

10. 

Bearing  failure 

11.  •• 

Flywheel  functions 

^'Disassemble,  inspect,  and  replace 
cranj<shaft  assembly  and  engine 
bearings 

SECTION  D-UNIT  i:  LUBRf^ATION  SYSTEiyiS 

1. 

■        .:  ■ 

3. 

'  .  "l    .  4. 

5. 

-    .  6. 

7. 


8. 


9. 
10. 


Functions 
Types 

Components       '  * 
Component  purpqses 
Oil  filters 
Oil  pumps 
Oil  ^ontamination  . 
Lubricating  valves 
Oil  cooler  . 

Pressure  indicating  systertis 


11 


P  ^pheck.  and  adjust  oil  pressure 
^n  a  Jive  engine 


(1 


UNIT  II:  COOLING  SYSTEMS 
'  1. 

.2. 
■  3. 

•         ■  4. 

19 


Functions 

"Engine  overheating 

Ehgine  running  to  cojd 

Parts^  of  liquid  copling- 
systiB4Ti  V 


JOB  JRAINfNG:  What  the 
Worker  Should  Be  Able  to  Do 
(Psychomotor) 


RELATED  INFORMATION:  What 
the  Worker  Should  Know 
(Ccfgnitive) 


13. 
14. 
15, 


8. 
10. 


5,       Types  of  radiators 

'  6.       Functions  of  pressure 
caps  ' 

fl'       Types  of  fans 

.   8,       Types  of  fan  controls 

9.       Functions  .of  thermostat 

10. .     Coolant  filters  and 

conditioners  *  . 

11,  Restrictions*  to  flow 

12,  Water  pumps  ,  » 


-  Reverse  flush  a  radiator  - 

Test  thermostat  ac^ton 

Test  for  exhaust  gas  leakage 
and  air  fn  cdonhg"~sy¥tem 


"7"  V.   ■  •  ■■ 

llh'AIR/fNTAKE  AND  EXHAUST  SYSTEMS  / 


1. 

2. 
3. 


Air  intake  system  parts 
Exhaust  system  parts 


Air  cleaners    %,^/  - 

4„/%   Methods  df^cyUnder 
'scavenging 


.5. 
6. 


Test  an-  engine  for  air  flow 
restriction 

Inspect  a  turbocharger  fC)r 
satisfactory  operation 

Rferaove,  disassemble,  service, 
assemble,  and  install,  a  turbocharger 

Disassemble,  service,  repai(,  and 
assemble  a  supercharger 


Superchargers 
Tufbochargers 


20 


xxin 


JOB,  TRAINING:  What  the^ 
Worker  Shciulcf  Be  Able  to  Do 
(Psycnomotor) 


RELATED  INFORMATION:  What 
,       the*  Worker  Should  Know  * 
.  .  (Cognitive)  " 

•  V  '       •        ^-^      •  ' 

UNIT  IV:  STARTING  SYSTEMS  '  '  '      .  H 

•     '         1.  ■ 


2. 

3. 
4. 

7.. 
8. 


Major  .types  - 

Services  of  electricity  • 
^  tor  starting  ^ 

Compre^d  air  starting  • 

Components  of  air 
starting  system         ^  " 

i 

Components^ of*  hydraulic, 
starting  system  i 

"  Gasoline  starting  systems 

Electric  starting  systems 


{^j  ,  ^  8.       Low  temperature^  starting. 
.  aids 

**'*^ 

SECTION  E-UNIT  I:  fJeL  SYSTEIvK^OMPpNENTS        '  .  . 

—   ■     '  .  _    _       1.^      Parts  of  a  fuel  system  ^ 
2»       Functions  ^jjj^mpSnerits' 
^  3^  ^    Fuel  Ejection  system 

...  4.  ^  'Fuel  tank  maintenance 


21 


Air  pre^ssure,  testing  for 
leaks 


-^6.^     SolderinsKa'^  welding  ^ 
safety*  ^. 

7.      Types  of  fuel  lines 

,  Transfer  pum^s  - 

Types  of  fikersi 

10.  '     Series  and  p&rallet  filters 

11.  Types  of  injector  systems 
'12.      Jerk  purftp  system  *' 

13»     .  Methods  o|v injecting' fuel 


ERLC 


XXIV 


•••  Se^sliou'ralfee^^^^^  RELATED  INFORMATION:  Vfhat  - 

V%yXS)  """^  ^°  D°    ^    ^       •     •     the  Wo^ker^hould  Know   •  • 


;j    ^    '-v.    .Uf^'T  II;-  DISTRIBUTOa,  TYPE  INJECTlOlSf  PUMP  ^ 


i 


7- 


J.  -     Parts ' 

Z       Rotating  ■  parts  of  "a 
distributor  pump 

'     ,  .  '*  ^'       Principles  of  operation 

'  '  '  4.       Fuel  flow  circuit 

^'  •  ^     .  5.       Functions  of  the  end  plate 

'  •  -  6.       Optional  features  ' 

7.  Remove  a  distributor  tyfSe  pump    ,  f>  '  - 
frofn  an  engine  *        ,  ^     ^          \  . 

8.  Bench  test  a^istributor  type  pump  .  '  - 

9 Install  a  distributor  type  pump  on 

an  engine      *      "        .       ^    •  I  ■ 

^    '  - —      ^  "  ^  /  • 

I        ♦  .  -       r^UNIT.IIlV  IN-LINE  INJECTION  ^PUMP  '  ^ 

'  *  '  "       1.",  Main  parts     ,  ~ 

^  '2,*  'Fuel  flow  circuit  ' 

-^3.  hianrf  primer 


9.       Bench  tertian  in-line' inaction      •     '  ^ 

pump  ■  .^-^I^  ■  • 

V            ■     '    i  UNIT  IV:  UNIT  INJECTO)^ 

^     '  *  '            '         *    /  Functions 


4.  Transfer^  pump 

5.  Injection  pump 

•  6.  'Control  rack  and  sleeve 

*  7.  DeHvery  valve 

8.  Ptunger'and  rack  positions  ' 


Parts  ♦ 


3.  Foel  flow  y*^ 

4,  Injection  metering 


JOB  TRAINING:  What' the 
Worker  Should  Be >Ble  to  Do  "  ^ 

(Psychorpotor) 

'  .  ,.  . 

Remove  unit  injector  frorh  engine 


5. 
-.6. 
7. 

8. 
9. 


,4 


8. 

9. 
10. 
11. 


7. 


RELATED  INFORIMIATION:  What 
•  the  Worker  Should  Know 
•(Cognitive) 


Disassemble. unit  injector 

/Assemble  dnit  injector  .     ^  ' 

"  ♦ 
^  Test  unit  injector- 
Install  unitjnjector 

UMIT-V:  PT  FUEL  SYSTEMS 

■  *  1. 


r 


Parts.^ 

2.      .Pump  a^mbly  J 
,  3.       Operation  \>f  pump  * 
4>'     Pulsation  damper 
^^V^Mechanical  governor 

injectors 


Remove  and  instalf  flange ^ type  PT'-, 
injectors 


1/.^^  Types 


Remove^and  install  PT^Uype  B,  C, 
and  D)^cfors.  •  ^ 

Adjust  inj6ctor  plunger  and  valves 
using  torque*  method 

Install  PT-R  fuel  pump  and.  adjusl 
high  and  low  engine  idle 

Test  and  adjust,  PT-G  fuel^  pump 

\     ■  UNIT  VI:  INJECTION  NOZZL'ES 


/ 


2. 
3. 
4. 
5. 
6. 


Functions 
Moving  parts 
Typ§f'of  valves  i- 


Nozzle  ^KiKi^FacteriStlps 

Operation   

Adjustnlent 


Remove/  service  and  test  an 
injection  nozzle 


23 


-    ^  xxyi 


JOB  TRAINING:  What  the  . 
Worker  Should  Be  .Able  to  Do 
(Psychomotor)'    '        '  . 


fiELATED  INFORMATION:  What 
the -Worker  Should  Kqow 
(Cognitive) 


UNIT  Vllr-GOVERNOR- 


/ 

.  - 

3. 
4. 

Purposes  | 

'  ,1  - 

Types 

Mechanical  and  hydraulic 
Special  governor  functions- 

•               .  -5. 

Characteristics 

6. 

Effect  of  loQj  increase 

J»  * 

7. 

*  * 

Effect  of  load  decrease 

Flyweights  ' 

V 

f       *  » 

9. 

Isochronous  governor  . 

SECTipN  F--UNIT  I:  PRINCIPLES  OF  ELECTRICfT^ 

Particles  found  in  an'  atom 


1. 

3. 

•/ 


XXVII  ' 


Electron  flow 
Atomic  theory  ^ 
.  Sources  of  electricity 
Basic  circuit  components 
ConduGtDPS  and  insulators 
Copper  as  a  conductor  * 
Units  of  measQre. 
Resistance 
Schemat/c  ^mbbls 
Ohm's  law 

Types  off  electrical  circuits 
Rules  for  series  circuits- 
RCjIes^fOf^a^allel^ircuits . 
lyi^grteiisl^r'^^'- 

«  ■ 

5v 


JOB  TRAINING:  Wh^t^tbe— 
Worker  Should  Be  Abla  to  Do 
(Psychomotor) 


RELATED  INFORMATIOiSI:  What 
the  Worker  Should  Know',, 
(Cognitive)^ 

/ 

16.      Electramagnetiq.  induction 


17. 


DC  and  AC 


18. 


Solve  pcobiems  ffsing  ohm's  law  * 
forrtiula  •  ' 


UNIT  Mr  STORAGE  BA^IeRIES 


6.. 

7. 

8. 

9. 

10./ 


1.  "  '  Funqtion's.'^ 

2.  Parts 

3.  Charging  'process" 
'4.       Safety  for  batteries 
5.      .Service  fre^  batteries 


Clean  and  service  a  battery 

l^emove  and  replace  a  battery 

Measare  battery  electrolyte  with 
a  hydrometer  ^ 

Load  test  a  battery 

Charge  test  a  battery  for  three 
miputes , 


UNIT  III:  STARTING  CIRCCm^S 

•  4 

..^-^ —  3. 

•     .   ;    4. '  ' 

•        5.  ^ 


Purpose 
Major  parts 
Functions  ^ 
Starting  motors 


Starter  field  circuits 


6.  -''Counter  GMF 

7.  '   Starting-  switches 


8. 


Starter  drives 


.25 
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XXVI 11 


JOB  TRAINING:  What. the      .  '  ^   ?^ELATED  INFORMATION':  What 

Worker  Shou^d  Be  Able  to  Do  the  Wprker  Should. Kqow  •  ' 

,    fPsychomotor)  -       ■    .  ^(Cognitive) 

-   9.       Remove  and  replace  a  starter*  -      "  ' 


1 


10.  Disassembly,  test,  and  reassemble  * 
a  starter  '  • 

1 1.  '  Test  starter  circqit  (no-load) 

12.  Recjondition^  starting  motor,  armature' 


9;V  "Jlemove  ancT  install  a  distributor 


UNIT  IV:  IGNJTION^CIRCUITS  .      :  :  :- 

•   M  •  '  '    '        'I-  .  purpose  '  ^ 

>♦  /     2.  •  Components"      ^      ,  *  • 

'  -  .         *  3.       Functions,  *  . 

■  ^  .    Primary  ^nd  seQondary 

'  '      —  -  circuits       .    .  . 

•       •     '5.       Components  of 'the  distributor  -  • 

*\  ^  '     '  6.       Operation  of  circuit 

\   '        7.       Transistorized  systems- 

'   8.  ^    Capacitive  dischar^ge  systems  ; 


V  .     .     10-     ^Remove  and' replace  contact  points  '  .      -  V 

and  Condenser  *  '  •  - 


11.       Adjust  dwell  on  ,an  externally      v  •  '        ...  ^ 

•     adjustable  distributor  *  -  .  '  * 


9f 


12*.       Checked  set  ignitian-timing    \   * "  */.      ■  '*  ' 

13.    '  Remove,' service'',  and^replace      *  ^  ^  •>  v       •      '     "^'i  " 


spark  plugs 

UNIT  V:  GENERATOR  CHARGING  CIRCUITS         *  '  :  . 

t.      V  Purpose 


i 


\ '  - 


2.     ?  Kinds  of  circuit^ 


3.  ^  Function- of  components 

4.  •     Parts  of'^enerator 

5.  .     Operating  ftages. 


er|c    •  '   '     '  xx'x  '       ^'  %.V^ 


JOB  TRAINING:  What  the 
Worker  Should  "Be  Able  to  Do 
(Psychomotor) 


■r 


RELATED  INFORMATION:  What 
the  Worker  Should  Know 
V  (Cognitive)  , 

6.  Current  flow 

7.  Field  circuit 

8.  Converting  AC  to  DC 
'9.  *  A  &  B  field  circuit 

10.  Generator  regulator 
*  components 

11.  Uses  , 

12.  Electrical  failure 

13.  Reverse  polarity 


14.       Test  generator  ou^ut 

1 5, .      Remove  and  replace  a  generator 

16.  '  Disassemble,  test,  and  reassemble 

a  generator  •  ^ 

17.  Test  and  adjust  a  regulator  unit 


UNIT  VI r  ALTERNATOR  CHARGING  CfRCUITS 


A 


V 
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1. 

2. 

3. 
4, 
6. 
6.. 
7. 
8. 
9. 
10. 


Purpose 

Cirtuit^  components  and 
functions-  • 


Alternator  parts 

-  i  .  , 

Advantages 


.Current  production 
'  Stator  windings 

Alternator  cpntrpi  " 

Transistorized  Regulator 

OperatLon   , 

Sa1?ty  rules."  . 


XXX 


S0B  TRAINING:  What  the 
Worker  Should  Be  Able  to  Do 
(Psychomotor) 


11. 

12. 
13.' 

t 

i 

14. 


RELATED  INF^ORMATION:  What 
the  Worker  Should  Know 

.  (Cognitive)  *  \ 


Test  the  alternator  chargiirg 
circuit  and  regulatof 

Remove  and  replace  an  altdrnator 

Disassembly  test,  and  reassemble 
an  alteriiator 

Test  and  repair  a  transistorized  ^ —  * 
regulator  .  • 

SECTION  G-UNIT  I:  OPERATION  AND  MAINTENANCE  ' 

1.       Engine  operator  duties 

2. 

3. 

'  4. 

-  \  5. 

6. 
7. 


Starting  checklist  ^ 
Running  checklist 
Stopping  procedure 
Performance  records  : 
Hard  starting 


Failure  to  come  up  to 
^  '  -  speed 

8.  Misfiring 

9.  _  Engine  knock 
,10.  ^  Overheating 

UNIT  II:  DIAGNOSIS  AND  TESTING  OF  ENG^NES  / 

"^^ — ■                         1.  .  Steps  involved  \ 

2.  Checkpoints 

—   *                3.  Operating  checks 

>^    •                    •    '                4.  Dynamometer 

'         .      ,           5.  Horsepower 

t              6.  Improper  operation 


7. 
8. 

1 


Complete  a  troubleshooting  guide 

^  Load  test  an  engine  with  a% 
dynamometer 
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JOB  TRAINING:  What  the 
Worker  Should  Be  Able  to- Do' 
(Psychometor) 


RELATED  INFORMATION:  What 
the  Worker  Should.  Know 
(Cognitive) 


9. 
10. 

11. 


2. 
3. 
4. 


Jest  engine  cylipder  compression 

Cb^ckaiKin       system  for 
r/strictions 


Check  crankcase  pressure,  exhaust 
back  pressure,  and  air  dI^x  pressure 


UNIT  ilk.TXj'NE-UP  AND  ADJUSTMENT 


1. 


Visual  inspection  checklist 


Tune-up  and  sen/ide  a  diesel  engine 

*Tune-up  a  Cumnjins  dies&t^engine 

Tune-up  a  General  Motors  diesel 
engine 

Caterpd 


5.      Tune-up  a 


liar  diesel  engine 
UNJT  IV:^ ENGINE  STORAGE 

1, 


Climate  effects 
Systems  to  be  protected 


3.  Prepare  an  engine,  for  temporary 
storage 

t 

4.  Prepare  an  engine  for  permanent  ^  - 
<  storage 

5.  Prepare  a  stored  jengine  for  ser^ce 

'  .  "         SECTION  H-UNIT  I:  ARC  WELDING 


r 


1.*.  Safety 


2. 
3.  * 
4. 

5. 
6. 

8>' 


Kinds  of  welders 

Equipment 

Types  of  elec^h^des 

Electrode  sizes 

Electrode  numbers 

Electrod^  counting 

Current 


ERIC 


JOB  TRAINING;  What  the 
Worker  Should  Be  Able  to  Do 
(Psychomotar) 


RELATED  INFOPTMATION:  What 
the  Worker  Should  Know 
(Cognitive) 


8. 
a. 

10. 


9. 
10. 

i 

12. 
13. 


14.  Start,  stop  and  restart  a  bead 

15.  Construct  a  pad  weld 

16.  Construct  a  butt,  weld 

17..      Make  a«,pad  in^  the  vertical  up 
position    *  ^  ^ 

18,       Make  a  pad  in  the  overhead  ^position' 


.A 


UNIT  II:  pxyacetylene  Cutting 

4  ^ 

1. 

2. 
3. 

.  5. 
'     .*  -  6. 

*  7. 


Set  up  equipment  for  oxyacetylene 
cutting  • 

Turn  on,  light,  adjust  to  a 
neutral  fjame,  and  turn  off 
oxyacetyjene  cutting  equipment 


Make  ninety-degree  cuts  on  mrld 
steel  and  restart  ,a  cujt  ^ 


11.       Cut  rpurtd.  stocR 
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xxxin 


Striking  an  arc 
Arc  length 
Weld  types  ' 
Welding  positions 
Poor  welds 


A 


Cutting  outfit  parts 
Torch  parts 
Safety  ruler 
Cutting  flames 
''Poor  cuts 
Backfire       ,  . 
Ffashback 


JOB  TRAMMING:  What  the  ■  RELATED  INFORMATIflN:  What 

Worker  Should  Bfe  Xble  to  Do  -the  Vvor-ker  Should  Know  ^ 

(Psychomotor)  ,  '  '     '  •  (Cognitive) 

'■      '       \  ■' 
.  :    •  UNIT  til;  bXYACETYLENE- FUSION  WELDING 

•         •  T.  Welding  equipment  parts 

'  ^  •         '  /  2.  Weld  quality 

3.  Tip  size  . 

4.  Filler  rod 

5.  Flame  types 


r 


,6,       Turn  on,  light, ^adjust,  and  turn  ,  '       '  V 

off  oxyacetyiene  welding  equipment 

7..      Construct  a  corner  weld  without  * 


filler  rod 


•8/     'Lay  beads  on  gauge  metal  without  .  _ 
filler  rod  -  . 

9.       Lay  beads  on  gauge  metal  with  . 

filler  rod     '  .      \  .  '    .      '  \  ' 

10,       Weld  butt  joints  with  filler  rod  * 

UNIT-  IV:  OXYACetYLENE  BRAZE  WELDINCS 

*        '    1,       Bra?e  welding  advantages 


6,       Braze  weld  a  square  groove  butt 
-  '  joint 


2.  ^  Conditions  of  metal  surface 

3.  Removing  oxides   '  . 

4.  Flux 

5.  ^olten  bronze  reaction 

/ 
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SUQGESTED  TRAINING  FACILITIES  ^ 

The  suggested  floor  plan  is  intended  to  provide  training  facilities  for  approximately 
120  students  with  a  student-instructor  rqtio  of  15  to  1  and  with  a  class  of  students  being 
enrolled,  each' semester.  The  photographs  of  \he.  various  training  facilities  will  illustrate 
thp  floor  plan  and  equipment  distribution.       ,    '  /  ^  . 

Suggested  tools  and  general  equipment  are  listed  by  training  facility  area.  Also 
suggested  are  baaic  stlidfent  tool  kits  to^e  administered  on  a  loan  or  (purchase  plan.  This 
tool  list  is  furnishejj  as  a  reference  ^nd  should  pot  be  considered  mandatory  in  establishing 
3  diejel  program.  Final  selection  of  tools  and^ equipment  should  be  made  with  reference 
to  the  type  of  equipment  to  be  used  as  training  aids  and  shop  space, available. 'it  isj^irther 
recommended  that  selection  and  purchase  of  tools^and  equipmj^  be  made  only  after 
evaluation  'by  the  program'  instructor  and  advisory  bo^rd. 

The  main  shop  ^nd  other  areas  requiring-engine  operation  should  be  provided  with 
*  efficient  exhaust  systems-floor,  overhead,  oy-  both  as  needed.  Ceiling  exhaust  blowers  are 
very^  heljDful  arjd  necessary.  Main  engine  and  equipment  shop  areas  should  be  prpyidei)  ' 
with  adequate  floor  drains.  *        .    ,  . 

Adequate  lighting  sh(^uld  be  provided  for  all  trainifig  facilities.  Overhead  reel-type 
drop  lights  are  very  economical  and  successful  in  main  shop  areas,  to  provide  localized 
lighting.       .        .  •  .  * 

The  engine  dynamometer, test  area  should  be  provided  with  a  blower  or  other  adequate 
arrangements  to  provide  the  required  exhaust  accommodations  to  maintain  atmospheric 
presWes  conducive  to  obtaining  correct  horsepower  and  torque  readings. 

The  floor  plan  will  illustrate  that  the  classrooms  should  be  located  some  distance 
frorn  the  main,  shop  ancf  dynamometer  areas  so  the  engine  operation  noise. will  not  be 
a 'disturbing  factor.     *  r''  '  *  . 

,    The  fuel  injection  equipment- test  area  should  be  dust,  temperature,  and  humidity 
controlled 'and  pressurized  with* provided  aceess  thrpu^  a  vestibule. 

\    'L- — —  *       '  - 

The  photographs  are  intended  to  be  helpjful  in  visually  interpreting  floor  plarr  and 
•  area  suggestions.     '    ^  - 
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POSSIBLE  DIESEL  SHOP  DESIGN 
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TOOL  ROOM  ' 

1  industrial  pullec  sef 

1  Farm  trjactor  puller  set 

1  1"  Socket  set  (15/8"-^  1/2")  ' 

A  3/4''  Socket  set17/8%2  3/8") 

1*1/2"  Deep  socket  set  (3/8"-7/8 

r  Allen  set  (1/8"-5/8")  - 

1  Tap  and  die  set  NC  ^ 

1  Tap  and  die  5^t  NF  . 

1  Pipe  tap  set(1/8"-3/4")  * 

Pilot  reamer.set  (1/2"-1  1/4") 
\  Cylinder,  hone,  rigid 
1  Universal  sleeve  pUjll^r 
set  (less  sleeve  adapter 
plates) 

1  Cylinder  ridge  reamer  / 
■  J  Thread  chaser  , 

1  Electric  drilM  1/2")  ) 

2  Electric  frills  (1/4") 

.1  Set  dfill  bits  (T/16"-1/2")  * 

1  Scfew  extractor  set 

1  Copper  tubing  service  kit' 

1  Oil  leakage  detector 
^  1  Oil  leakage  detector 

1  Hydrauiicjack  (3-ton) 

1  Hydraulic  jack  (20-ton) 

1  Straight  edge  (4') 
^  1  Volume  grease  dispeFi^r^ 

jl  Highpressure  grease  gPn 

»1--6ekr  oil  dispenser  * 

1  Antifreeze  tester '        ^  ^  ' 

1  Batt^ry^  Hydrometer 

4  Creepers  (floor)t> 

8  Light^drop  cords  (25')  (extension) 

1  Sledge  hammer 

2  Cummins  timing  fixtures   ^  ' 
4  Plastic  hammers^  '  * 
4  Piston  ring  compressors 

2  Hacksaws 

1  Carburetor  tool  kit  . 
.  V  Soldering  gun  kit 
1  Carpenter  square,     •    '  - 
1  Combination  Square  ^ 
l.-'Set  box  ^end  and  open  end 
wrenches  (1/4"-2")  ■  ' 
1    Set  box^  end  and  open  end 
wrenches  (metriq)  ♦  *■ 

1  set  mett?5t  socket  wrenches -  \ 
1  Injectortube  instaltetion  kit 
1  Detroit  blower  servige  kit 
1  .Hydraulic  flo-rater 


1  Battery  service  kit  ' 
1  Bushing  universal  installation  tool 
6  Wire  brushes 
\  6  Carbon  scrapers 
)  1  Photp  tachoineter"  * 

1  Radiator  pressure  tester^ 
^  1  Magnetic  qrack  detector 

\ Water  pressure  crack  detector "  ■ 
1  Universal  precup  puller  ' 
\    'LAdjustabte  wrench  (20") 

^Torque  wrenchTlO-150  ft.-fbj 
.    1  Torque  wrench  (100-500  ft.-lb.) ' 

1  Tin  shear*        .  ' 

2  Valve  spring  compressors 

•  1.  Micrometer  set  (0"-6'')  with 
standards  and  case 
4  Micrometers  (.0-1")  ) 
*4  Micrometers  (1"-2") 
4  Mkrometers  (2"-3")  * 
^         /  2  I  nside  micrometer  set  (2"-B") 
.  2  Micrometer  ball  attachment 
i|  1  Universal  dial  test  irtdicator  set 

\  1  Cylinder  gauge  (2  1/10*'-6") 

'  1  Micrometer  depth  gauge  (0-6")  ' 
.  jJ  .        2  Oil  measures  (1  qt.) 
!         '  2  Oil. measures  (1  gal.)  ' 
'  1  Pipe  wrench  (24") 
VBrake  spring  pliers 
2  BatterV  carriers  v      •  '  ^ 
2  Water  buckets 
2  Pairs,  booster  battery  cables 
2  Pry  bars  23/32"  x  24'' 
2  Roliing  head  bars  19/34"  x  1.8"  ^ 
^10  Screwdriver  (assortment) 
12  Files' (assortment) 
^  2  Compression  tester  ~ 

1  Leakage  tester 

2  Log  chains  (3/8"  X  25')         ^  . 
A  Heli-coil  kit 

1  Stud  remover  S/8"-1f' 
'1    Copper   tubi  ng    service    k  it 
(3/16";5/8")  .  ^  ^ 

^  - 1  Feeler  gauge  set 
Miscellaneous 

Supplies:  ^  "  r  ' 

Miscelfaneous  oil  cans  {hand) 
Gasket  material 
Cgjter  pins  (miscellaneous)^  ' 
^  Washers 

1  Fire  extinguisher  (20-lb.) 
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fizq  breaker 
""and  buckets 


.1  Flex  stohe  set  or 
Miscellaneous  drairr^ 

FUELIJ^JECTION  EQUji 
•TEST  AND  mCK'UP' 


Fuel  injection  test  area:  43t 
2  Steel  benches  and'  cabl: 
combination  (30"  x  6') 
4  wall  benches  (24"  x  36") 
8  Wall  fitting  and  adapter 
'  cabinets  (5'  x  4'  x  1')  glass^ronts 
'4  Fuel  injection  test  stands 
(miscellaneous  fittings,  adapters, 
and  accessories) 

,     i  Caterpillar  fuel  injectrbn  test 
stand    (nvjscellaneous  fittings, 
Adapters,  and  special  tools)* 
1  GM  unit  injector  tester  arid 
accessories 

1  Injector  flow  comparator 
1  Diesel  nozde  analyzer 
^  1  Nozzle  valf e  microscope 
'    1  Nozzle  valve  lapping  device  and 

*  accessories  ,  ^ 

1  Ultrasonic  cleaner 

1  Nozzle  high  pressure  cleaner 

1  Torque  vise 

1  Concentricity  gauge 

2  Diesel  nozzle  testers 

1  Set  lapping  blocks 
'  1  Jar  compound  ^ 

2  Torque  wrenches  (5-600 
inch-lbs.) 

2  Tocque  wrenches  (10-150 
,  .  ft.-lbs.) 

1  Compression  tester 

2  l^uel  system  analysfs  kit* 

8     P  urnp    and  nozzle 
(miscellaneous,  tool  and  service) 
f  kits 

/I  Universal  dial  test  indicator  set 
°    1 :  ^Micrometer    depth  gauge 
(0"-6")  ,  ' 

2  Micrometers  (0"-1") 

•  2  Micrometers  (r';2"y 
'  Miscellaneous  items  y 

Temperature  and  ^st  control 
* ,  equipment 

Supplies  (calibrating  oil,  cleaning^ 
solvent,  and  janitorial  supplies) 
Fuel  injection  mock-up  shop  . 


5  ^teel   benches  and*  cabinet' 
combination  (30"  x  6'} 
5  Vises  (4") 


30  Parts.pans     ^      _  > 
1  Hand  press  (3-ton)     .  j:^. 
10    Steel    racks    (3.  X; 
equipment)     *    *  ' 
1  small  part$ cleaner^ 
1  SfYiokfimeter  (with  stand) 

6  Allen  wrench  sets  (.028"-1/2") 

7  Air  hoses  ahd  fittings    '  <1* 
Miscellaneous  -  cutaway  and 
demonstration  equipment^  ; 
Training  rjiockup  components 

MAIN  SHOP  AREA 


15  Steel  benche5  (30"  X  72") 
15  Vises  (4")-  .  f<' 
i5  Parts  raeks  (wood  fat>ricated) 
1  PojftalDle  floor  jaqk  (l6-ton)  ' 
1  "Potable  ^loor  jack  ('4-toh^  • 
6  HD 'engine  staitts  - "  , 

2PT0\Pynamorneters    *  \  , 
4  Chasfs  Dynamometer 
1  Hydraulic  press  "(75-ton)  .   '  - 

iHand  press  ^3-tQn)   '  J 

1  e I utcK.  pressure  plate  adjusting 

fjxtureV         \r    \  • 
1 ,10"  Lat|\e  and  attachments 
1  3/i"  Dril\  pr^  (bench)' 
1  3/4<;  Drilf\aps  (floor-) 

1  ConnectiM'rod  alignment  fixture 
and.adapters   

2  Valve  grjnd^rs 

2  Valve  seat  gVinders 

1  Air  compressor .(3  h.p.) 

Air  hose^and  fittings 

1  SmaTi  p^rts  cleaners  X  > 

1  Arc  welder  ♦    .  - 

1  Gas  weJding  equipment  (D.^.)/' 

2  Pedestal  grinders  (10") 

1  Mobile  floor  crane  (4,000  lbs.) 
1  Valve  spring  tester  : 
ExhraJst  ventilating  system 

3  Fire  extinguishers  (20-tb.),      *  . 


4  Farm  tractor  jack  stands 
Supplies  (cleaning  spkffions  and 
janitorial  supplies) 
Miscellanepus; engines  and  trgctors 


p 


BASIC  ENGINE  CLASSftOOM 
SHOP  COMBINATION 

1  Blackboard  and  equipment 

1  Instructor  desk  and  chair 

20  Classroom  chairs  (tablet  arm) 

1  Overhead  projector 

1  Film  strip  projector 
-4?  Steefl  benches  (30"  x  6') 

10  Vises  (4")  '  •  . 

1  V^lve  grinder 

1  Valve  seat  grinder  ^ 

1  Connecting  fdd  aliner  . 

1  Valve  spring  tester 
•1  Bench  grinder  (8") 

1  Small  parts  washer 

1  Battery  charger 

6  Batteries  (1^-volt)  v 
12  Pngines 
12  Engines 

Air  hosc'anji  fittings  • 

2  ToTCfue  wrenches  (200it.-lbs.) 
2  Torque  wrenche^250  ft.-lbs.) 

•2  Piston  ring  compresspfs* 
2  Valve  sprmg  compressors  ' 
Miscellaneous  small" tools 

'  ^     '   I-  • 
DYNAMOMETER  RQOM 

Engine  dynamometer  {5O0  h*.p.) 
T  Engine  dynamometer  (700  h.p.) 
2  Portable  cooling  columns       »  - 
2  Engine  stands  (48'' x  1^4") 
,  1  Universal  front  engine  "  < 

mounts  and  adapter  kit 
1  Lft^h^ersal  rear  ^nginejjibunts  and 
^adapter  l^if^ 

•1-    Engine,  cooliijg-  column 
interconnecting^it 
Pooling  column-  to  engine  adapter ' 


l^olir 


2^Guard'as^emblies         *      ^  ^ 
BPedestalsH.D. 
2  Drive^shafts  H.D.  " 
2  Farm'tractor  PTO  drive  shafts  * 

BASICELECTRICAL-CLA^SROOM 
AND  SHOP  COMBINATFON  , 

1  Blackboard  and  eqgipmerrt 

projector  ^ 
1  Film  strip  projector 


1  Instructor  desk  and  choir 
15  Tables  (30" j<  6')  <  ^ 
20  Chairs,  (swivel)  * 

"4    Steel    rackjs  (demonstratibn 

equipment) 
12St6el  benches  (30"  x  6') 
6  Generator  test  stands  (drives)  • 
,  2  Engines  * 
2-Engir|e  sjarfds 
,,3  Distributor  testers 
yy  5  Volt-ampere  testers  - 

2  Battery  starter  testers 

1  Battery  tester;  - 

•  5  Vises  {4")  *  .  '  ' 

f    ^     1  Batten^charger 
^'1  Load  bank* 

2  Armature  testers. 
2  Ohmmeters 

Miscellaneous  lumper  leads 
6  Batteries  (12-voltj 
2  G^rtSf^ll^field  controls   "  - 
4^ekl  rheostats 
P^irs,  battery  booster  cables  , 
*  Miscellaneous' tools 
.   Electrical  components  (training) 

.  STEAM  AND  HOT  TANK  ROOM 

1  Steam- cleaner 
1  Hot  tank  and  burner 
°  BASIC  HAND  TOOL  SET-' 

1  tool  box   ,  "c  - 
1  Socket  set,  1/4^  square  drive, 
.    ^compositFon:       '  j 
\    ,     '   Ijatch'et   "  "  ,  '  "  ■  ~  ^         ^  --r 
.         9  Sockets,  6  pt.,  (3/16"  thru  1/2 
>  '  m.)      ^   ^.  . 
/  1  Flex  t-handl6  *  •       '  » 

>  1  Socket  set,  3/8"  square  drive, 
*  composition: 

1  Ratchet 

J  pockets,  12:>t' (3/8"  thru 

3/4^')    ^.      .  *  . 

8'  Sockets,  deep  well,'  12  pt. 
.  (3/8"  thru  13/J^"} 
•  <J  Extensiorr  bars,/(3",  6"  and 
.    10")*'  . 

2  Socket  adapters,  (3/8"  to  1/4" 
and  3/8"  and  3/8;i-to  1/2") 


.055) 


1  Socket  set,  ,1/2"  square  drive,, 
composition 
1  Ratchet 
*12  Sockets,  12  pt.  (7/16"  tfiru  1 
1/2") 

1 1 '  Deep  sockets,  12  pt  (1/2" 
thru  1  1/8")  ' 

1  Spaxk  plug  socket  ( 13^1  fi^ 

1  Fle){j-handle  ^^s?^    •  J 

yf  Universal  joint  •  \ 
3  Extension  bajrs  (3",  \ 
6",  and  10")  \  \ 

•  1  Speeder  (18")  \  ^ 

1  Slide  bar      .      .  \ 

1  Xross  bar  - 

2  Flex  t-handles  (15"  ^nd  18") 

2  .Socket  adapters  (t/2';<to  3/8" 
and  1/2"  to  3/4") 

3  Wrench  sets,  composition 

16  Combination  wrenches  (1/4" 
thru  1  1/8") 

9  Open-end  wrenches  (1/4"  x, 
5/16"  thru  1  1/16"  X  1  1/8"). 
11  Box-end  wrenches  (1/4"  x 
•  5/1 6f "thru  1  1/16"  X  1  1/4"i 

3  Flare  nut  wrenches  (3/8''x  7/16 
thru  5/8  X  11/16}  . 


1  File,niiK10") 

2  Feeler  gauge,  .xionmagriBtic 
(standard  and  long  leaf) 

1  Scratch  awl 

'1  Flashlight  |D  size'batferies) 


r 
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Miscellaneous  tools  ^ 

3  Phillips  screwdrivers  (Nos.  1,  2, 
and  3)  •  | 

1  Offset  screwdriver 

4  Standard  screwdrivers  (3/16  x 
^  4,  1/4x6,  5A16X  8  and  Stubby) 

1  Line-up  punch  (12") 
1  Punch  and  chisel  set,  12  piece 
6  Pliers,  bent  'needle  nose; 
battery  pliers;  diagonal/cutting 
plifers;  slip  joint  pliers/  hose 
clamp  pliers;  locking  pliers  10" 
^  Hex  key  set,  11  pieces 

1  Hacksaw  with  ti^  extra  blades 

2  Hammers,  ball  pien  (16  02*  and 
40  oz.) 

1  Hammer,  (8-12  oz.)  no-bounce, 
^  fiber  tip  ; 
1  Flollingwedgebar  (16")   ,  .  ' 

1  Stainless  steel  rule 
.  1  Gasket  sbraper 

1,  Ignition  j^jje 

2  Files,  half-roundlB^ 


1  File,  round  (6") 
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ORIENTATION 
UNIT  I 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  abfe  to,. list  facts  concerning  thV 
occupational  outlook  .for  diesel  mechanics  and  select  places  of  employifient.  The  studenL 
should  also  be  able  td  list  student  requirements  fop  entry  into  the  diesef  program^ and 
select  steps  involved  in  diesel  shopwork.  This  knowledge  will  -be  evidenced  through 
demonstration  and.  by  scoring  eiqhty-five  percent  on  tKe  unit  test. 


SPECIFIC  OBJECTIVES 


/ 


After  completion  of  this  unit,  the^titdent  should  he^able  to: 

1 .       List  three  facts  concerning  the  occupational  outlook  for  diesel  mechaniqk  ' 
Select  places  that  employ  diesel  'mechanics.  - 


2. 
3. 
4. 
5. 
6. 


List  student  requirements  for  the  dtesel  mechanics  program. 
Select  steps  involved  in  diesel  shopwork.- 
List  diesel  engine  applications.  *  •  , 

Complete  a  personal  information  sheet.    >  .  - 


Ox, . 
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•  ORIEAITATION 

UNIT  I  •    •  . 

SUGGESTED  ACTIVITIES 

L    Instructor:'  *     ?    .  •  ^  * 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student-  with  information^ and  ^ignment  sheets, 

C.  Discuss  unit  and  specific  objectives, 

D.  .  Discuss  information  and' assignment  sheets. 

E.  Give  test.         ^  '^.i-  t 
1L    Student:  . 

.  A,  Read  objective  sheet. 

B.  Study  information  sheet. 

C.  Complete  assignment -sheet. 

D.  Take  test, 

'  INSTRUCTIONAL  MATERIALS 

k    IncliWed  in  this  unit:^  ^  '  .    -    "  ^  ^ 

A.  Objective  sheet  ^  •3   *       -  . 

B.  Information  sheet  •  . 

^  C.    Assignment  Sheet  #1-.Complete  a  Persona^  Information.  Sheet 
^D,    Test  -     *  rj.. 

El    Answers  to  test  '  '         .  ^  '        •  ^ 

II."    BeierenceZ-Occupationaf      Outlook      Handbook.      Bureau  of 
Statistics/Department.' of  Labor,  19761' 


ORIENTATION 
UNIT  I 


INFORMATION  SHEET 


Occupatioiiial  outlook  ^ 

A.  Job  opportunities  result  each  year  from  the  need  to  replace  experienced 
mechanics  who  are  promoted,  retired,  or  transfered  to  related  fields  of  work 

B.  Number  of  dies,el  engine  applications  increases  each  y,ear  requiring  more 
mechanics  to  service  them"    \-  r  ,    ^  h       a  uie 

C.  ^  Demand  for  diesel  pqwer  has  increased  due  4o  the  added  economy 

endurance,  and  efficiency  olthe  diesej  engine  as  compared  to  other  power 

Places  of.xemployment  for^di^sel  mechanics 

A.  Independent  repair  shops 

B.  Ser\^ica  department?  of  'dealers  and  distributors  ^  * 

C.  Sales  agencies  and  manufacturers  of  diesel 'fengines 

D.  Truck  leasing  companies  i 

E.  Federal,  state,  and  local 'government  icicle  maintenance  depots 

F.  Electric  power  plants  '        '  '  * 

G'    Railroad  locomotive  shops  ^ 
\\.     Fuel  injection  repair  sta^n  ^.^^^^  ^  * 

Student  requirements  for  the  diesel  mechanics  program 
A.    Operate  the  shop  equipment  Ccyrectl^ 

Be  safety  conscious;  fo'llbw  sa'fPty  regulations 

Take  instructions* readily;  follow  directions 

D.  Be  a'  good 'citizen 

E.  Control  temper 

F.  Have  enthusiasm  about  work 
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INFORMATION  SHEEJ-;'^^^   ^  ' 


G.    Have,  pride  in  the  trade  and  workmanship 

H'.  '.Be  conscious  of  waste  in  materiMs-^and  man-hours 
,  ^'  I.     Be  punctual 

,  IV.    Steps  Jnvolved  in  diesel  shopwork 
A.  Troubleshooting 

^         B.  Disassembly 

C.  -Measuring  ^  - 

D.  Metal  work  or  machining 

E.  Installing  »new  parts 

F.  Reassembly  ^ 

G.  Adjustments  and  testing 

4 

V.  .  Diesel  engine  applications 

A.  flectrjc  power  plaats  , 

B.  '  Marine  engines       ^  * 
,C.     Farm  tractors  and  ^equipment 

D.  Road' building  equipment 

E.  Automotive  vehicles' 

'   ^         (NOTE:  Jhese  vehicles  inclu^e^trucks,  buses,  and  automoti 

ft  " 

<F.     Rail  tocomotive^ 
G.    Construction  equipment 
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'  ORIENTATrON 
UNIT  I 


'    ASSIGNMENT  SHEET. #1-C0MPLETE  A  PERSONAL  INFORMATION  SHEET 

♦  ♦ 

Complete  the  following  'persona?  data  and  turn  in  to  the  instructor. 
NAM1E:   •  ' 


HOME  SCHOOL: 


AGE: 


BIRTH 


D^TE:. 


GRADE  CLASSIFICATION: 


OCCUPATIONAL  OBJECTIVE: 


SOCIAL  SECURITY  NUMBER:_ 
PARENTS'  NAMES; 


PARENTS'  OCCUPATIONS: 


EMERGENCY  TELEPHONE  NUMBER:_ 
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ORIENTATION 
■  UNIT  I  « 


.  '  -  NAME, 
TEST 


t 


List  threfe  facts*  concerning  the  .occupational  outlook  for  diesel  mechanics. 


c. 


Select  uJhe  places  jhat  employ  diegel  mechanics  by  .placing  an  "X"  in  the 
appropriate  blank?.        .  '  . 

1!  a,  .  Sales  agencies  arid  manufacturers  of  diesel  engines 

b.  Motorcycle  sales  agencies  * 
 c.  Lawnmower  repair  shop  •  • 


_d.  "Independent  repair  shops 


e.  Electric '^ower  plants       .    ,    ^  - 
•        Service  departments^of  dealers  and  distributors 


 g.  Railroad  locomotive  sb^s  .     ,  *  . 

V  - 
 h.  Fuel  injection  rep*air  station 

-^^^ 

List  six  student  requirements  for  the  diesel  mechanics  program, 
a.         .  * 


b. 

c/. " . 

d., 
H 

e. 

f. 


4.       Select  the  steps  involved  ift 'Diesel  shopwork  by  placing  an  "X"  in  the  appropriate 
blanks.  •         '  ' 


a.  Repair  estimating 

b.  Disassembly 

;^c.  Metal  work  ,or  machining 
_d.'  Measuring    ^        *  ^ 

e.  Reassembly 

f/  Sales  ' 


.  g.  Installing  new  parts 

h.  Adjustments  and  testing 
oubleshooting 
5.       List  9^^^i6sel  engine  applications: 
a.    <        '  ' 
.  b.  ,  .       '  .  *     •   . ' 

d. 


'  N,  ■ 


6.       Complete,  a  personal  iaformation  sheet.  / 

♦         .  /  * 

CNOTE:  If  this  activity  Uias  not  been  accomplished  prior^to  the  test;  a^k  your 
instructor  when  it  should  be  completed.)  o 
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ORIENTATION 
UNIT  I 


ANSWERS  TO  TEST 


■A 


4  ' 


a. 


Job  opportunities  result  each  year  from  the  need  to  replace  experienced 
mechanics ^who  are  liromated,  retired,  or  transfered  to  related  fWids  of  work. 

Number  6f  diesel  engine  applications  increases  each  year  requiring' more 
mechanics. to  service  them 

Demand  for  diesel  power  hab  increased  due  to  the  added  economy, 
endurance,  and  efficiency  of  the  diesel  engine  as  compared  to  other  power 


units 

/. 

I 

a,      e,  f,  g,  h  . 

•      '  ! 

Any  six  of  the  following: 

Operate  the  ±op  equipment  correctly 

;•  ..  ^  - 

bl     Be  safety  conscious;  fo^w  sa^fety  regulations 

c.  Take  instructions  readily;  follow  directions 

d.  -  Be  a  good  citizen  ^ 
^e.     Control  temper  ; 

Ha^enthusiasm  ,about  ^otk 
Have  pride  in  the  trade  and  workmanship 
Be  conscious  of  w^ste  in  materials  and  ^rfT^p-hours 
Be'  punctual 
b,  c,  d,  e,  g,  h,  i         '       -  ^       '  ^ 
Any  five  of  the  following: 

a.  Electric  power  plants         ,  ,       .  , 

b.  Marine  erfgines  '  ^  • 
c    Far^  tractors  and  equiprnent 

d.  ^  Ro^d  building  equipment 


f. 

•g. 

h. 

i> 
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e.  Automotive  vehicles' 

f.  Rail  locomottves  . 

i  *  * 

g.  Construction  equipment  A 

Evaluated  to  tHe  satisfaction  of  the  'instrdctor 
%         •  ■ 
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■>  V  ,    *  SHOP  SAFETY   .   .  "  ' 

-  ^     UNIT  II       •  ■ 

*  '  #  '  '  if 

'  >   •  * 

'  •  "unit  objective  .     -   ,  p.  ■ 

After  completion_oflhis.  unit,  the  student  shoulchbe  able  to  recognise  unsafe  situations^ 
list  general  shoFraird^pei;gonal  safety  rules,  and  select  the  correct  fire,  extinguishir  for 
^use  in  case  of  fire  The  student  should  also-  be  able  to,r*o§ni2e  the  uses  of  the  safety 
color  code,  complete  a  safety  pledge  formr  and  cocnplete  an  in^ivldual  shop  safety 
,^mspection^This-knowtedgewrff-be evidenced  through  demonstration  and^by  scoring  orL 
hundred  percent  on  the  "unit  test.         .  ■  .  -  umiaomf-^ 

-      *  ..'s.        >.       ^     '  .   •  ■ 

^  :        SPECIFIC  OfeJECTIV^S  /. 


After  completion  of  this^ui\it,  the  student  should  be  ^  to: 

1.  Match  terms  associated  wjth  shop,  safety  to  the  correct  definitions. 

2.  Match  the  colors  of  the  safety  color  code- to  the  correct  applications.  \ 
.  3.       List  personal  fsafety  .rules.  <  ^  \ 

4.  '    List  general  shop  safety  rules.  ^  •  *    .  \   '  '  h  - 

5.  Match  possible  sources  of  accidents  to  the  jnjury  which  may.  occur. 

V>  *  .^'-^  .d  '  ^:  .     "^ch  the-  four  classes  bf  fire  to  the  correct  statements  defining  each  class. 

i^R^fc'i  'VJ^*^^  the,  type- br  types  of  fire  extinguishers  to'^he  class  of  fire  they  are 

^  ,8.  ■    Complete  safetyljledge^form. 
'         ^'    ''^IgP'st®  stuW  shop  safety  ipspec'tlon-.    "  - 
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/    .    '  SH0P-S4FETY 
UNIT  II 


Instructor: 


SUGGESTED  ACTIVITIES 

s 


A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  intormatipn  and  assignment  sheets 

C.  Make  transparency. 

D.  Discuss  unit  and  specific  objectives. 

E.  'Dispuss  information  and  assignment  sheets, 
f .  Demonstrate  the  use  of  fire  extinguishers. 

G.  Take  students  on  tour  of  shop^prior  to  completion  of  Assignrfient  Sheet 
#2. 

9 

H.  Have  a  speaker  from  the  local  fire  department  demonstrate  the  use  of  fire 
extinguishersr^^  i 

I.  Give  test.  ^ 
Student:.  ^^^^^  « 

A.  Bead  objective  sheet.  ,  , 

B.  Study  information  sheet. 

\ 

C.  Complete  assignment  sheets. 

D. ^  Take  tes^ 


^INSTRUCJIONAL  MATERIALS 


7 


!|T<Jluded  in  this  uni^: 

A.  Objective  sh^t     \    .  .  ^  ( 

B.  Information  sheet  ^  *    .  t** 

C.  Transparency  master:  TM  1-Types  of  Fire  Extinguishers 

D.  Assign  ment,^£ljeets    •  •    ,  ^ 

1.       Assign riient  Sheet  #1 -Complete  Safgty  Pledge  Fdrm. 


2.      Assignment  Sheet  #2-CompleteJndividual  Student  Shop  Safety 
Inspection 

E.  Test  ^  *  " 

F,  Answers  to  ,test    •  ^ 

;    \    ^    ^      .  .  ^       '  ^ 

IL    References:     *  ^ 

) 

jter.    'A.    The^  ABC's  of  Fire  Protection.  Belleville,  New  Jersey:  ^^altef  Kidde  and 


■^^^        Company.  •        ^  4^  M  ' 

B^' i^n  Accident  Prevention  Pcpgram  for  School  Shops  and  Laboratories,  Office 
.^'of  Education/U.S.  Departgient  of  Health,  Educiation,  and  Welfare. 

.   d.    SafefK  Practices  and  Procedures  in  School  Shops.  New 'Jersey:  Division  of 
'  '      Volitional  Education/Department  of  Education. 
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INFORMATION  SHEET 


Terms  and  definitions  •  ' 

A.  Safety-State  or  condj^on  of  being  free  from  danger]  risk,  or- injury 

S 

B.  Accident--Any  suddenly  occSfring,  unintentional  event  which/causes  injury 
or  property  damage  1 

C.  First  aid-lm.medi^te,  temporary  "c^sile^iven  the  victimj  ^,f' an  accident  or 
-sudden  illnesS  until  the  seridfie^' M'a^ physician  can  |).e*obtained' ' 

'  .  .  ' ■   H  '  > 

D.  Liabihty-'-Legal  resportsibility  wWch  binds  an  inc^ividu^l'  in  law  and  justice 
^    to.  do  sojnething  which  may  b^enforced  by  actiolr- 

Colors  and  applicj^tions  of  the  safety*  color  code 


A.  Green- 


n-Designates  '"SafetV^an^  the /location>f  ffrst  aid  equipn^nt;  *  a^J^ 

B,    Yellow-Designates  caution  and  fo^ marking  physical,  hazards      )^]'  4' 

Orange- Designates  dangerc^s^|iarts^  of  equipment  whifh  maycut,  crush; 
-    shock;  or  otherwise  jn"''-^~  A        '  .       A  ' 


D.  Red-Used  to  identify  the. location  of  fire  fighting  equipment  and  apparatus 

(NOTE;  Emergency  fiirje'exits  sKail  be  designated  in  red.  Buttons  or  levers 
for  electrical  switches  used  for  the  stopping  of  machinery  should  be 
^     designated  in  red.  Gasoline  cans  should.be  painted  red  with  additional 
identification  in  the  form  of  a  yellow  "band  around  the  can«|^ 

E.  ^  B(ue--Designates  caution  against  starting  equipment  while  it  is  being  worked 

upon,  or  against  the  use  of  defective  equipment 

\ 

'     (NOTE^  A^blue.  tag  should  be  lettered  *'Oi!it  of  .Order.") 
/"  ^ 

P.     Black,  white,  or  combinations  df  black  and  White-Designates  traffic  and 
tjouse keeping'  markings  ,  ^ 


Personal  safety  rules 

\ 

A.  ^Wdar  shop  clothing  appropriate  to  the  activity  being  performed 

B.  C(»Tfine  lon^  hair  before  operating  rotating  equipment  ' 


.   INFORMATION  SHEET  . 

C     Always  wear  eye  protection  when  using  grinding  wheels,  rotating  brushes, 
and  as  required      .  ^  ' 

^  Remove  ties  when  worj^mg  around  machine  tools  or^^^  rotating  equipimerlt 
•E.     Remov^  rings  and  ^other  jewelry  whe.n  working  in  the  shop 

F.  Conduct  yourself  in  a- manner  conducive 'lo  safe  shop  practices 

G.  -  Keep  mentally  alert  to  shop  Hazards 

'  .  r 

ijGeneral  shop  safe-ty  rules         /  '  ^ 


A.    Keep  all  hand  tools  clean  apd  in  saf^  workhig  order* 


m' 


r 


B.     Report  any  defective  tools, 'machines,  or  other  equipment  to  the  instructor 


A- 


Example.        A  ^oose  hammer  head  is  a  defective  tool 

C.  Retain  all  guards  and  safety  devices  except  with  the  specific  authorization 
of  the  instructor  ,  ,   c  '  ' 

D.  Op^ra^e  pbwered/e^uipnnent  only  after  receiving^  instruction  on  how  to 
operate  the  ^machine  safely 

E.  ^^feporjt  all  actidents  to  the  instructor  regardless  of  nature  or  sev^erity 

F.  Turn' off  the  power  before  leaving^  a. machine  tool 

G.  Make  sure  all'guards  and  barriers  are  in  place' and  adjusted  properly  before 
sta^ting  a  nnachine  tocjl        '      '  ' 

H.  Disconnect   the   power   frorh   machine   tools,  before \berforming  any 
maintenance  task      .  \  ' 

I.  Use  a  solvent  only  after  determining  its  pro'perties,  what  kind  of  work  it 
has  to  do,  and  how  to  use  it  -  * 

J,     Use  correot  and  proper  size  wrenches  for  nuts,  bofts,  and  objects  to  be 
turned  of  held  .        *  .  • 

V  .f..         '     '   ,  ^  .      ^  -  , 

K.    Keep  the  shop  or*  laboratory  f  loor^  gftar  of  tools,  scraps,  and  litter  -  / 

L.    Clearv  up  any  spilled  liquids  immediately-    *       ^  ,  ' 

wl.    Store  oily  rags  or  oily  waste  in  metal  containers  ^ 


V 
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N.    Clean  the  chips  from  a  machine  with  a  brush;  "do  no*  use  a  raq  o)  bare' 
hands 

0.  Use  proper  support  for  all  heavy  objects 

P.     Practice  tool  motto:  "G^t,  use,  and  -put  away" 
V.    Sources  of  acci'cJents  and  injuries  which  may  occur 

A.  Ho/seplay-May  cause  person  or  persons  to  fall  against  sharp  objects  or 
moving  machinery  *     *  ♦ 

B.  Air  hose-One  blast  may  rip  clothing  or' skin 

C.  ^  Grinder-May  cause  eye  injury  from  flying  sparks  or  metal  chips 

D.  Batteries-May  explode  wh^ear  open,  flame  or  etectrical  spark 
k     E.  'Moving  parts-May  catch  fingers  or -clothmj^ 

F.  Loose  clothing-May  catch  in  rotating  parts 

G.  Tools-Sharp' edges  may  puncture  si^in    '  '  '    -  , 
,     ^    H.    Electric  power  tools-May  cause  shock*  if  not  grounded 

1.  Lack  of  or  improper  .supporting  device  under  heavy  objects-A  fall  may 

-  cause  a  fatal  injury 

J.     Lffting  heavy  objects-May  cause  severe  back  injury 
VI.  ^  Classes  of  ffres  ,  r  '  , 

A.    Class- A-Fires  that  occur  in  ordinary  combustible  materials- . 

Examples^  Wood,  rags,  and  rubbish 

^B.    Clai6  B-Fires  that  occur  .with  flammable  Jiquids  ^ 

Examples:  Gasoline,  oil,  grease,  paints,  and  thinners 

^  .C.    Class  C'-Fires  that  occur  in  or  near  electrical  equiprfient 

E>camples:  Motors,  switchboards,  and  electrical  wiring 

D.    Class' D-Fires  that  Scciir  in 'combustible  metajs  * 

-  Examp%     ,  Magnesium,    titanium,   zirconium,   lithium,   and  sodium 

potassium 


INFORMATION  SHEET 

Types  of  fire  extinguishers  (TranspacencyM)'/ 

A.  Pressurieed  ^water-Used  for  Class  A  fires 

^  ^  (NOTE:  The  pressurized  water  extinguisher  usuaM:y^-ai5efates  by  squeezing 
a  handle  or  trigger.)  / 

B.  Dry  chemical-Used  on  Class  B  and  C  fires 

<NOTE:  The  dry  chemical ^ extinguisher  usuaily  operates  by  squeezing  a 
handle,  trigger,  or  lever.)  ^ 

C.  Carbon  dioxide  (C02)/-Used  on  Clas^^B  and  C  fires  ^  * 

(NOTE:  The  carbon  diox1de/rc02)  extinguisher  usually,  operates-  by 
squeezing  ""a  handle  or  trigger^  ^  4||^. 

D.  Powder"Us?d  on  Class  D  fires  *  ^     .  , 

(iMOTE:  The  powder  should  be  applied  with  a  scQop  or  shovel  to  extinguish 
a  fire.  Use  an  acceptable  powder  such  as  Kicide  Metal  Guard.) 

• .  ■  >  - 
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types  of  Fire  Extinguishers 


Pressurised  Water      Carbon  Dioxide  for  ■    Dry  Chemical  for 
for  Clas%A  Fifes       Class  B  and  C  Fires  * .  Class  B  and  C  Fires 
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•.  .    ASSIGNMENT  SHEET' #1--C0MBLETE  SAFETY>LBDG5  FORM     •  " 

»  *  f 

Read  and  complete  the  student  safety  pledge  form  by  filling  In  the  blanks.  Return-form 
to  instructor  no  later  than      •  ,     "  ♦ 


STUDENT  SAFETY  PLEDGE  FORM 


/Who  is  enrolled  in  Vocational 


will  as  a  part  of  the  shop  experience,  operat»:macliines,/ 


providing  that  the  parent  or  guardian  gives  written  permission. " 

It  is  understood  that  each  student -will  be  given  proper  instruction,  both  in  the  use  of 
•the  equipment  and  in  correct  safety  procedures  concerning  it,  before  being^allowed  to 
operate  the  machines.  The  student  must  assume  responsibility  for  following  safe  practices- 
therefore,  we  ask  that  the  student*  subscribe  to  the' following^  safety  pledge. 

1.  I  PROMISE  TO  FOLLOW  ALL  SAFETY  RULES  FOR  THE  SHOP. 

2.  I  PROMISE  NEVER  TO  USE  A  MACHINE  WITHOUT  FIRST  HAVING 
PERMISSION 'FROM  THE  instructor; 


3.       I  WILL  NOT. ASK  PERMISSIOISf  TO  USE,  A  PARTIQULA}^  MACHINE 
'     UNLESS  I  HAV,E  BEEM  INSTRUCTED  IN  ITS  USE,  AND  HAVE  MADE 
100%  ON  THE  SAFETY  TEST  FOR  THAT  MACHINE.  ^^ 

A       I  WILL  REPORT  ANY  ACCIDENT  OR  INJURY  TO  THE  INSTRUCTOR 
,  JMMEDIATELY^ 


DATE'        .         STUDENT'S  SIGNATURE 


I  hereby  give  my  consent,  to  allow  my  son.  or  daughter  vto  derate  all  machines  and 
equipment  necessary  <n -carrying  out  the  requirements  of  the  course  in  which  he/she  h 
enrolled.  •  .    ,         •  ^ 

'  DATE  '    '  ,     \  PARENT'S  SIGNATURE'*^ 


.        ^  *     ,  (If  required)  ' 

Parents  are  cordially  invited  to  visit  the  shop- to  irtspect  the  machines  and  to  see  them 
in  operation.  ^  . 
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,   '       .  UNIT  II        ,  •  .  ^ 

ASSIGNMENT  SHEET,#2--C0MPLETE  INDIVIDUAL  STUDENT  SHOP 
'  ■■   ■       SAFETY  INSPECTION 

Complete  the  safety  inspection  checklist  by  physically  conducting  an  Inspection  of  the 
shop  area. 

-   CHECKING  PRbdEDURE'  .  ♦ 

Draw  a  circle  around  tlie  appropriate  letter^jsing  the  •following  letter  scheme:' 

S  -  Satisfactory  (needs  no  attention)  ,  *. 

A  -  Acceptable  (needs  some  attention) 

Unsatisfactory  (needs  immediate  attention)  ^ 

*•  -J  . 

Recommendations  shoufldlbe  made  in  all  cases  where  a  "U"  .is  circled.  Sp^MS -provided 
at  the  end^  of  the  form  .for  such  comments., 

A.    GENERAL  PHYSICAL  CONdItION  "  '         "     /  • 


.  1. 

Machines,  benches,  and  othe?  equipment 
are  arranged  to  conform  to  good  safety 
practices 

t  S 

•A 

U 

2. 

Condition  of  "stairways  and  ramps 

s 

A 

u 

3. 

Condition  of  aisles  ♦ 

..       ■  s 

A 

u 

4. 

Condition  of  floors 

-s 

A 

'U 

5. 

Condition  of  walls,  vv;indows,  and  ceiling 

■A 

u  y 

'6.  ^ 

lllummation  is  safa,  sufficient,  and  well 
p  faced  ^1 

8 

A 

7. 

Ventilation  is  adequate  ahd  proper  for 
conditions 

•  s 

u 

Temperatur6  tqntrol  ' 

-r  .S 

A 

'u 

9. 

> 

Fire  extinguishers  are  of  proper  type, 
J.  adequately  suppliecJ,  properly  located, 
and  maintained 

•  * 

s 

A 

"u 

10. 

'.Teacher  and  pupils  know  location  of  and 
tiow  to  use  proper  type  for  jvarious  fii:es 

I'  s 

A 

• 

U' 

-  Number  and  location  of  exital  "rs  adequate 
and  properly  identified        '\  ** 

\ 

A  ■ 

u 
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12.       Walls  "are  clear-  of  objects  that  might 
fall-       •  -^^^       .  . 

IS^^^^^^^-Wrttl^^  identified 

,14,     \A\r  in  »shop  is  free  from  excessive  dust 
arid^^oke  \ 

15.       Evaluation 'fon  the  total  rating  of 

GENERAL  PHYSICAL  CONDITION 

B.    flOUS^EEPING  •  ' 

*  1.  .     General  appearahce  as  to  orderliness 

2,       Adequate  and  proper '►storage  space  for 


3. 


tools  and  materials 

*   •     '  \  ' 

Benches  are  kept  orderly 


4.   ♦   Corners  are  clean  and  clear      '  • 

6.       Special  tool<,acks,  in  orderly  cbndition, 
.are  provided  at  benches  and  machines 


•  6. 
7. 

8. 
9. 


Tool,  supply,  and/or  material  room  is  orderly 

Sufficient  scrap  boxes  are  provided 

Scrap  stoik  is  -put  in  scrap  boxes  promptly 

Materials  are  stored  in  an  orderly  and  safe 
condition  ' 


10. 


A  'Spring^Nd  metal  container  is  provided  for 
waste^Rci^^y  rags 

11.  j  /  Dangerous' materials  are  stored  in  metal 
cabinets  ,  '  '  , 


12* 

13.: 

14. 

15. 


Machines  have         coldfr  conditioned 

Safety* cans  are  provided  for  flammable  liquids 

Floors  are  free  of  oil,  water,^  and  foreign  *  * 
material  "    /  /* 

Evaluation  for  the  total  rating  for/ 
HOUSEKEEPING  ' 


S     A  U 

/S     A>.  U 

S    ~A  U 

s  '  A   g  ' 

* 

S     A  •  U  , 

S     A  -S^  ' 
S  '  A  U 

'  S     A     U  ■ 
S    ^A     U  . 


S     A  U 

S     A-  U 

•  s  "a  u 

S     A  U 

S     A  -U 

S'    A-  U 

r  -  S  'A  U 

>i  > 

S  A  •  U 
SAM 
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"4 1 

EQUIPMENT        -  r 


I 


1.  Machines  are  arranged  so"^^that  workers  "are 
protected  from  hazards  of  other  machines 
and  passing  students 

2.  *     Danger*  zone^  are  properly  indicated  and 

gua/ded 

3.  All  gears  and  moving  belts  are,  protected 
by  permanent  enclosure  guards'  *. 

4.  All  equipment  control  switches  are  easily 
available  to  operator 


c 


5.       Nonskid  areas  are  provided  arognd  ^ 
machines 

- J9P'^  3re  kept  sharp,,  clean,  and  jn  safe 
^working  order 

'  7.^    Evaluation  for 'the  total  fating  for  - 
EQUIPMENT 

ELECTRICAL  INSTALLATION 

1.  Alh  switches  are  enclosed  . 

2.  ^     There  is  a  master  control  switch  for  all 

of  the  electrical  installatrons 

3.  All  electrical  extension  cords  are  in 
safe  condition,  and  are  not' carrying 
excessive  loads 

<  «* 
4.,  '     All  machine  switches  are  withirt  pasy  reach 
of  the  operators 

5.  Individual  cut-off  switches  are  provided 
for  each  machine 

6.  No  temporary  wiring  in  evidence 

7.  5^yaluation  for  the  vtotal  rating  for 
ELECTRICAL  INSTALLATION 
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E.     PERSONAL  PROTECTION  (Read  only)  & 

1. 


•  2. 

•  3. 

•  4. 

5. 
r  ' 

6. 

7. 

'  8. 

.9- 
10. 

n. 


Goggles  or  protective  shields  are  provided  and  required  for  all  work  where 
eye  hazards  exist 

'  »^  •      *      '  * 

If  individual  goggles  are  not  provided,  hoods  and  goggles  are  properly^ 
disinfected  before  use  , 


Shields  and  goggles  are  provided  for  electee  welding 
Rings  and  other^ewelry  j^e  removed  by  pupils  wh^iTwi 


working  in  the  shop 


Proper  kind  of  wearing  apparel  is  worn  and  worn  propeMyJorthe  job  being 
done         *^  .  ,  ' 


Leggings  and  safety  shoes  are  worn  in  special  classes 

.Respirators  are  provided  for  dusty  or  toxic  atmospherjc  conditions  such 
as  when  spraying  in  the  finjshYg  room      -       *  " 

•Provisi'ons  are  made  'for  cleaning' and  steTilizihg  rSspirators   *         ^  / 


Sjudents  are  examined  for  sal'ety  khov^/ledge  ab,ility 


^ 


Sleeves  are  rolled  above  elbows  when^pperating  machines 

Clothing  of  students  is  free  from  loose  sleeves,  flopping  ties,  and  loose  coat^ 


R€C0MMENDATI0N5 
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WAME. 


TEST 


Match  the  terms  on  the  right  to  the,  correct  definitions. 


 ^a.  Legal   responsibility,  which    binds  an' 

•   individual  in   law  and  justice  to  do 

something  which^  rnay  be  enforced  by 
action'                       .  , 

_b.  Any  suddenly  occurring,  unintentional 
-event  which  causes  injury  or  property 
damage      .  * 


_c.  State  or  condition  of  b6ing  free  from 
danger,  risk,-  or  injury 


1. 
2. 
3. 
4. 


Safety* 
First  aid 


,  Liability 
Accident 


-  d.'  Immediate, 


emporary '  care  given  the^ 
victim  of  an  accident  or  sudderT  illness 
until  the  services  of  a  physician  can  be 
obtained 


Match  the  c<^lofs*of  ' the  safety  color  code  on  the  right  to  the  correct  applications. 

Green 

2. 


a.  Designates  caution   and-  for  marking  ^  1. 
physical  hazards  ' 


_b.  Used  to  identify  the  locatPon  of  fire 
fighting  equipment  and  apparatus 

_c.  Designates  "Safety"  ar^d  the'location  o\y. 
first  aid  equipment 

^d.  Designates  dangerbus  parts  of  eduipment 

which  may  cut,  Naish,  shlck,  or  *  ^ 
otherwise  'injure         ^  ^  < 


^e.  Designates    caution  agamst~'(karting 

^  ^         equipment*  while  it  is  being  worked 

,      upon,  or  against  the  use  of  defective 

equipmertt,  -  . 


J.  Designates    traffic   gnd  housekeeping 
,  markings  '  ^ 

...  ^ 


Black,  white, 
or  combinations 
of  black  and  white 

Orange 

BkiB  -  ^ 

Red  >  ; 

Tellow 


30-A. 


J 


3.      ^-ist  five  personal  safety  joules. 


as 
b, 
c. 
d. 

8. 


4.     *  List  eight  general  shop  safety,  rules, 
f    .  - 

'   c.  ^  » 

■.  '  d.  . 

•      -  1 

".     •  e. 

...  >    »  ' 

'  f.  •  '  ■ 

V 

h.  .  ^ 

Match'possible  sources  of  acciderrts  on  The  right  to 


_^a.  May  cause  person  or  persons  to  faji 
•  'against,  sharp     objects    or*  *moving 
machinery 

^b.^^One  btlas^,  may  rip  ^othing  or  skin 

c.  May  cause  eye  injury  from  flying  sparks 
or  metal  chips 

'  >. 

d.  May  explode  when  near  ppen  flame  or 
^lectcicaj^spark 

^e.  May  catc^fingers  or  clothing 

f.  May  catch  in  rotating  parts 


the  injury  which  may  occur. 
v1.  Horseplay 
Grinder 
Batteries  ^ 
Air  hose 
Moving-  parts 
Loose  clothing 


2. 
3. 
4. 
5. 
6. 
77 


gf  Sharp  edges,  may  punctu 


Sre  skin 


^h.  May  cause  shock  if  not  grounded 
J.  /^fall  may  cause  a  fatal  injury 


j\  May  cause  severe  back  ipjury 


'Etmnc  

power  tools  , 

8.  Tooir 

9.  Lack  .of  or  improper 
supporting  device 
under  heavy  objects 

10.       Lifting  heavy.  . 
objects  * 


i 
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Match  the  fouc  classes  of  fire  on  the  right- to  the  correct  statements  defining 
each  class.  ,      '  - 

 ^a.  Fires  that  occuc  in  ordinary  combustible 

materials 

 Hres  that  occur^with  flammable  liquids 


^c.  Fires  that  occur  in  or  near  electrical 
equipment 

_d.  Fires  that  occur  in  combustible  metals 


Class  B 

Class 

3.  • 

Class  C 

4. 

Class  a 

Match  the  type  or  type^  of  fire  extinguishers  on  the  right  to  the  class  of  fire 
they  are  used  on. 

 ^a.  Class  A          ^  1^       Pressurized  water 

 b.  Clas^  B  \     '2,       Carbon  dioxide 


^   ^c.  Class  C 

3.       Dry  chemical 

d.  Class  D  u 


■ '        '  <»  4.   {[  Powder 

^ 8,     '  Complete  safety*  pledge  form. 

9.       Complete  individual  student  shop  safety  inspection. 

(NOTE:  t^ediiese  activities  havlTnot  been  accomplished^prior  to  the  test  ask 
^/  your  instructor  when  they  should  be  completed.) 


\ 
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■i  "  ANSWERS  TO  TEST' ■ 


a.  3 

b.  4 

c.  1 

d.  2  . 

a-  6  d.  3 

b.  5  e.  4 


s 


c.     1  f.     2  .    .   '  ' 

•  '  '  r 

Any  five  of  the  foltowing: 

a.  Wear  shop  clothjng  appropriate-to  the  activity  being  performed 

b.  Confine  long  hair  before « operating  rotating  equipment 


c.     Always fwear  eye  protection  when  u^ing  grinding  wheel?^'  rotating  brushes 
and  as  i required  ^  .  ' 

d    .ftemove  ties  when  working  around  machln^  tools  or  rotating  equipment 
Remove  rings  and  other  jewelry  when  working  in  the  shop 
CooAuct  yourself  fn^a  manner  conducive  to  safe  shop  practices 
g.     Keep  mentally  alert  to  shop  hazards 


Any  eight  of  the  following:  ^  '    -  v. 


a.     Keep  all  hand  tools  clean  and  in  safe  working  order  '  .-j^ 


b.  Report  any  defective  tools,  machines,  or  other  equipment  to  the  instructor 

c.  Retain  all  guards  and  safety  devices  except  with  thg4ftdciftc  authorization 
of  the  instructor  *   ^ 

d.  Operate  powered  equiprrrent  only  after  receiving"  instruction  on  hoW  to 
operate-  tipe  macNoe  safely  " 

e.  Report  all  accidents  to  the  instructor  regardless  of  nature  or  severit^-  > 

f.  Turn  off  the^power  before  leaving  a  machine  tool  T 


G'6 


g.  Make  sure  all^guards  and  barriers  are  in  place  and  adjusted  properly  before 
starting  a  nnachine  tool  -  ^ 

h.  Disconnect  the  power  from  machine  tools  before  performing  any 
^  *  (naintenance  task         .        ^  .  * 

i.  Jjse  a  S9lvent  only  after  determining  its  properties,  what  kind  of  work  it 
has  to  do,  ^nd  how  to  use  it 

J.     Use  correct  and  ^)roper  size  wrenches 'for  nuts,  bolts,:  and  disjects  to  be 
turned  or  held  '  v  * 

k.    Keep  the  shop  or  laboratory  flopr  clear  of  tools,  scraps,  and  litter  ^ 

*1.     Clean  up  any  spilled  liquids  immediately  i  ^ 

m.    Store^ily  rags  or  oily  waste  in  metal  containers  .       '            '  * 

1^      *                     *  \ 

n.     Clean  the  chips  from  a  rnachine  with  a  brush;  do  not  use  a  rag  or  bare 
hands        ^         '             '  ' 


■Use  proper  support  for  all 

Practice  tool 

motto:  "Get, 

5.  .a. 

1 

~       f.  6 

4 

g.  8 

c. 

1  ' 

h.  7 

■  ^. 

3 

i.   -  9 

5 

'j.-  10 

6.  '  a.' 

2 

b. 

1  .  o 

.  * 

3 

.  d. 

°^ 

f 

7.  a. 

1 

9 

b. 

2,.  3 

• 

.  2,  3 

"»  d. 

4- 

* 

.  \ 


8,  Evaluated  to  the^  satisfaction  of  the  instructor 

9.  "   Evaluated  to  the  satisfaction  pf  the  ir^tructor 
*  ♦ 


BASIC  SHOP  TOOLS, 
:  '       UNIT-  III  , 

UNIT  OBJECTIVE-  ' 


After  completiori  of  this  unit,  the  student  should  be  able  to  identify  ^nd  choose  the 
right  tool  for  the  job  and  maintain  them 'in  a  iafe  condition.  The  situ'dent  should  also 
be  able  to  repair  and  sharpen  certain^tools  and  be  able  to  accui'ately  read  measuring 
instruments.'  This  knowledge  will  be  evidenced  through  demonstration  and  by  scoring 
eigh'ty-five  percent  on  .the  unit  test.  »  •  - 


V 


SPECIFIC  OBJECTIVES 


After  completion  of  this  uni^  ,the  student  should  be  able  to: 


1. 

2, 
3. 

'     >  4. 
5. 

■    .  7. 
8. 
9. 
10. 


12, 


14, 
15.' 

16. 


Identify  b^^ic  shop  tools. 
Identify  types  of  screwdrivers. 
Name  two  types  of  h^immers. 
Identify  types  of  pliers. 
Identify  types  of  wrenches. 
Identify  types  of  cold  chisels. 
Identify  types  of  punches. 
Tdentify  types  of  filejeeth,* 


J 


Name  precautions  for  correct  use  of  the  hacksaw. 
'  Name  three  principle  parts  of  a  twist  drill. 

«  V        '  - 

Name  three  ways  t6  extract  a  scre^.  " 
Identify  threie  types  of  pullers.^  ^  \ 

13.'      Name  three  shop  tools  used  for  measlTring  speed*. 
List  two  types  of  feeler  gauges. 


1^ 


Distinguish  between  correct  and  incorr^t  methods  of  using  an(i  nnaintaining 
basic  shop  tools.  ■  .  / 


Name  fourtypes  of  micrometers. 
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36-A 


17. 
18. 
19. 


b. 
c. 


-Read  the  micrometer  settings. 

J^ead  the  vernier  micrometer  settings. 

^Demonstrate  the  ability  to:  ^  • 

* 

a.     Sharpen  a  twFst  drill. 

Drill  holes  with  a  drill  press,. 
Reshape  a  cold  chisel. 

d.  Cut  JIat  nrietal  wLth-^  cold  chisel.  ' 

e.  Dress  a  grinding  wheel.  . 

f.  Fit  a  screwdriver. 

g.  jgeplace  a  hammer  handle. 

h.  Tin  a  soldering  iron.  ^ 

i.  Solder  a  lap  joint. 

j.     Check  a  torque  wrench  for  accuracy.  . 

k.    Draw  file  a  flat  surface. 

I.   ^  Draw  a  twist  drill  to  c6rrect  center.* 

m.    Use  the.-outside  micrometer. 

n>    Use  the  vernier  micrometer.  ^ 

o.    Cut  external  threads. 

p.  .  Cut  internal  threads. 
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BASIC  SHOP  TOOL'S 
UNIT  IN 


SUGGESTED  ACTIVITIES 


I.  Instructor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  information,  assignment,  and  job  sheets. 

en 

C.  Make  transparencies. 

Discuss  unit  and  specific  objectives. 

E.  Discuss  information  and  assignment  sheets. 

F.  Demonstrate  an4  discuss  the  procedures  outlined  in  the  job  sheets. 

G.  Give  test. 

II.    Student:       *  -  '  • 

A.  Read  objecti\^  sheet. 

B.  Study  information  sheet.  '  *  . 

C.  Complete  assignment  and  job  sheets. 

D.  »  Take  test. 

f  *  ■ 

INSTRUCTIONAL  MATERIALS 


I.  Included  in  this  unit: 
/ 

A.  ^  Objective  sheet 


B.  Information  sheet 

C.  Transparency  rhasters  -  -  .  ' 

1.  TM  1-Basic  Shop  Tools 

2.  TM  2-'Basic,  Shop  Tools  (Continued) 

3.  TM  3-Basic  Shop  Tools  (Continued) 
^4.,       TM  4'"Types  'Screwdrivers 


5.,      ,TM  5-Types  of  PIfers 
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6.  TM  6-Types^of  Wrenches 

7.  TM  7--Types  of^  Wrenches  (Confinued) 

8.  '  TM  8--Typ^s  of  Wrenches. (Continued) 
9r  TM  ^^pes  of  Cold  Chisels 

•  10.  'TP^BP^Types  of  Punches 

11.  JM -ll^-Types  of  Files 

J 2.  tiyi  12-Types  of  Pullers    '                    .  ' 

3.  '  •  TM  *13-Right  and  .Wrong  Use  of  Tools 

14.  TM  14- Right  and  Wrong  Use  gf  Tools  (Continued) 

15.  *^«   TM  15-Right  and*  Wrong  Use  of  Tools  (Continued) 

16.  TM  16"  Right  and  Wrong  Us6  of  Tools  (Continued) 

r 

17.  ^  TM  17"Types  of  Micrometers^ 

18.  TM  18"  Reading  a  Micrometer 

1^.       TM  19-Sleeve  headings     ^    '  *  . 

Overlay  A--Thimbl%^  Sleeve  Readings 
20.  '     TM  2P"Vemier^  Micrometer  Readings. 


Overlay  B-Vemier  Sleeve  Readings^ 


Assignment  sheets  *  /         *      ,  . 

•    1.^  «  Assignment  Sheet  #1"Read  the  Micrometer  Settings 

.  2.       Alignment  Sbeet  #2- Read  the  Vernier  Micrometer  Settings 
Answers  to  assignment  sheets 
Jobt^heets 

1.  -    Job  .Sheet  #1-S^.arpen  a  Twist  Drill  ^ 

2.  Job  Sheei^#2^D  rill  Holes  with  a  Drill  Press 

* 

3„.^      Jpb  Sheet  '^^--Reshape  a  Cold  Chisel 

4.  Job'  Sheet  #4--Cut  Flat  Metal  -with  a  Cold  Chisel 

5.  Job  Sheet  #5"Dress  a  Grinding  Wheel 


D  -  39-A 


6. 
7. 
8. 
9. 

io: 

11. 
12. 

^^ 

.  15- 
16. 
Test 


V 


Job  Sheet  #6- Fit  a  Screwdriver 

Job  Sheet  #7--Replace  a  Hammer  Handle 

Job  Sheet  #8--Tin  a  Soldering  Iron  ^  , 

J 

Job  Sheet  #9--Solder'  a  Lap  Joint 

Job  Sheet  #10"Check  a  Torque  Wrench  for  Accuracy 

Job  She6t  #11--Draw  File  a  Flat  Surface 

Jd^Sheet  #12'-Draw  a  Twist  Drill  to  Correct  Center 

Job  Sheet  #13-Use  the  Outside  Micrometer  - 

Job  Sheet  #14-Use  the  Vernier  Micrometer 

Job  Sheet  #15"Cut  External  Threads 

Job  .Sheet  .#1^--Cut  Internal  Threa*ds 


H.    Answers^  tQ  test  ^        .  . 

II.    References:.     •  '  o  " 

A.  Fundamentals  Qf -Service:  Shop  Tools'.  Moline,  IINnois:  Deere  and  Company 
1971.       ,  '  ,  H    y,  . 

B.  ABC's  of  Hand  Tools.  Detroit,  Michigan:  General  Motors  .Corporation, 
'  .    General.  Motors  Building,  1945.      ,       }  . 
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BASIC  S'HOP  TOOLS 
UNIT  III 


"  .                        INFORMATION  SHEET 

I.    Basic  shop  tools  (Transparencies  1,  2,  and  3) 

A.  Common  screwdriver 

B.  Ball  peen  hammer 

C.  Slip  joint  pliers 

D.  Combination  box  and  open-end  wrench 

E.  Aat  cold  chisel 

F.  Center  punch 

G.  Flat  file 

H.  Hacksaw, 

I.  Vise 

J.  "C"  clamp 

K.  Twist  drill 

"  L.  Screw  ex'tractor 

M.  External'  puller     /  *  ^  - 

N.  Magnetic  pick-up  tool 

.  ;0-  Tubing  cutter 

P.  "Soldering  iron 

Q.^^  Feeter  gauge 

R.  Outside  micrometer 

S.  Dial  indicator 

T.  Spriftg''  tester 

■  \ 

U.  Pressure  gaug^  (oil  pressure) 

'V.  Tachometer 


 '*^-t^- 


-4?  A- 


1 


INFORMATION  SHEET 

II     Types,  of  screwdrivers  (Transparency  4)' 
A.  Common 

8.     Pf^lips  head  ;  ^ 

C.  Clutch  head  ' 

D.  'Starting  * 


E,    Offset  *  / 

III.  Types  t>f  hammers* 
A,    Ball  peen^ 

.  Soft  •       *'  ^ 

•  -  * 

(NOTE:  Types  of  soft  jammers  are  lead,  rawhide,  plastic,  brass,  and  rubber. 

IV.  Types  of  pliers  (Transparency  5) 

A.     Slip  joint  ,  *      '  ,  . 


Diagonaf  cut^rs 
C.     Needl'e  nose- 


^  '     D.    Side  cjjtters  -  .  J* 

E.  Lock  grip 

F.  Snap  rirrg 

V,  •  Types  of  wrenches  (Transparencies  6,  7,  and  ^) 

A.  Open  end 

B.  •  Adjustable  ^  - 

C.  Box  .  . 

D.  Tubing  ^       ,  ♦ 

E.  Hook  spannet " 

F.  Adjustable  ^hook  spanner  '  ^ 
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Socket 
1'. 
2. 

3.  - 

4. 

5. 


INFORMATION  SHEET 


Sliding  "T"  handle  ^ 
Extension  , 
Ratchet  handle  > 
Speed  handle  • 
Universal  joint ^ 

(NOTE:  The  sockets  nnay  -be  six  point, 
deep  well.) 


twelve  point,  or  \ 


H.  Tj^ue 

L     Allen  -  .   '  ^ 

J.  Monkey 

k.    Pipe  ^  *  '  ^ 

L    Striking  *  ' 

VI.    Types  of  cold  chisels  (Transparency  9) 
A.     Fla;         '~  ' 
'B.  Cape 

*^         *  C.     Round  nose  i 

•  p^c"''DranT5rfd^  point-   ^  ^^"^    "  >-  ---^ 
,  _V^+.    Types  of  punches  (-Xransparency  So) 

A.  Starting 

B.  Pin  ' 

C.  ^Center 

D.  Aligning 


VIII.    Types  of  file  teeth  (Transparency  fll] 

A,  Single  cut 

B,  Doublje  cut 


isparenc^ 
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INFORMATION  SHEET 


C.  Rasp  cut  ,  *  ^  -  . 

D.  Curved  tooth  ^  ^ 

(NOTE:  Files  are  made. in  numerous  sizes  and  shapes.  Common  shapes  are 
round,  halfround,  flat,  and  triangle.)      '  * 

IX.    Precautions  , for  correct  use  of  hacksaw  v  ' 

A.  Teeth  must  point'  away  from  handle 

B.  Blade  must  be  tightly  stretched 

C.  Select  blade  with  correct  number  of  teeth  per  inch  for  material  being  cut 
(NOTE:  Two/teetK  should  always  be  contacting  the  material  being  c^^} 

D.  Use  sufficient  pressure  on  the  forward  stroke  ^     "  * 

E.  Use  full  length  of  blade  on  each  stroke  , 
*  .X,    Principle  parts  of  twist  drill 

A.  ShanlT'  * 

B.  Flute 
*  C.     Cutting  edge 

XI-.    Ways  to  extract  a  screJf 
^  ^  A.    Screw  extractor 

B.  Stud  puller 

C.  Diamond  point  chisel 
'XII.    Types  of  pullers  (Transparency  12) 

•A.  External 

B.  Press  - 

C.  Internal 
XIII.  '  iTools  used  for  measuring  speed 

A.  Revolution  counter  "  » 

B.  Tachometer  *^ 

C.  Timjng  lighf  (St;rbboscope) 
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^  - 


D  -)n^A 


...  -,  ^ 

INFORMATION  SHEET  '  ' 


XIV     Types  of  feeler  gauges 
\      A  Standard 

B     Stepped  ■  ' 


0 


\ 


XV.    Right  and  wroh^uSe  of  tools  (Transparencies  13,  f4,  *15,  Snjd  16) 

A.  Hammer  •  ,  - 

,    B.  Hacksaw  blade  '  : 

C.  Pliers  . 

D.  Cold  chisel 

E.  Grinding  screwdriver  ^ 
F  Grinding  flat*  cold  cKisel 


G  Screwdriver 
H.    End  wrench 


Adjustable  wren^ 


J.  End  wrench-acijustable  wrervph 
K.  •  Monkey  wrench 


\ 


File 

File  card-wrench  extension 
File  handle-hammer  handle 
XVI.    Tyf^es  of  micrometers  (Transparency  17)  '  •^'^ 

.   A.    Outside  '  ,       '  '  |  ^  . 

'B.     Inside  '  .        -         ^      ^  '  '-\ 

'   ••      •         •     '  ■  •  ) 

\      _     _    ,^C.     Depth  ^         .  ^  ^       ■       .  -  / 

'  ,  D.    Vernier  \         '  , 

,     XVII.    Ff^ading  the  microm|ter' (Transparencies  18,  19,  ^and  Overlay  A) 

A    .Eacl>   numbeted    gr'aduatioa   on   the   sleeve •  represents  "one  hundred 
J  4  ,  thousandths  of\an  inch  (0.100")  ■  . 
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XVIII 


INFORMATION  'SHEET 


Each  small  graduation  on  the  sleeve  between  the  numbered  graduations 
represents  twenty-fivejhousandths  x>f  an  mch  (0.025")' 

G.     Each  graduation  found  on  the  thimble  represents  one  thousandth  of  an 
inch  (0.Q01")  J 

i  Total  reading  is  found  by  adding  the  three  values 

0.100      Number  on  the  sleeve 
0.075      Small  graduations  on  the  sleeve  * 
0.01 5      Graduations  on  tfie  thimble 

0.190  ,    Micrometer  reacTing  ,  •        ^  ^ 

g  the  vernier  micrometer  (Transparencies  19,  20,  and  Overlays  A  and  B) 

i^i^  lEach    numbered    graduation    on   the  sleeve    represents   one  hundred 


^thousandths  of  an'  inch  (0.100") 


B     Each  small  graduation  on  the  sleeve  between  the  numbered  graduations 
represents  twenty- five  thousandths  of  an  inch  (O.025")       ^     '  V 

C,  Each  graduation  found  on'  the  thimbl/^epresents  on^housandth  of  an 
inch  (0.001")  '  '  . 

D.  Each    line   graduation   found   on   top    of  the   sleeve  -repres^ts  one 
ten  thousandth  of  an  inch  (0.0001") 


E.     Total  reading  ^is  foi/nci  by  adding  the  four  values 

Example:     *  0.4000-  Klurfbe'r  on  the  sleeve' 

0.0250,  SiVialJ  graduations  on  the  sleeve 

0  0190  Graduations  on  -the  thimble 

0.0006  Vernier  scale  on  top; of  sleeve 

0.4446  Vernfer  .micrometer  reading  y  / 

-      ^  1 


-T  T 


id 


75 


Basic  Shop  Tools 


Common  Screwdriver 


Ball  Peen  Hammer 


CdiTibination  Box 


pen  End  Wrench 


Center  Punch 


Flat  Cold  Chisel 


Flat  File 


\ 


Slip  Joint  Pliers 

^^^^ 
Hackj 


.  79 
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Tvyist  Drill 


Tubing  Cutter 


Basic  Shop  Tools 

(Continued) 


Screw  Extractor 


Magnetic  Pick-Up  Tool 


External  Puller 


Soldering  Iron 


*  SO 


Pressure  Gauge 
(oil  pressure)- 


Oiai 

Indicator 


Basic  Shqp  Tools 

(Continued) 
Outside  Microlneter 


xxFeeler 
^  Bauge 


Spring' 
Tester 


Tachometer 


oTypes  of  Screwdrivers 


Cdmmon 


Clutch  Head 


CO 


■  Offset' 


PhHIipsHead  , 


.  Starting  Screwdriver,  • 
(Shown  Holding  |^rew) 


i 


as 


Diagonal  Cutters 


Needle  Nose 


J 


Types  of  Wrenches 


Open  End 


Hook  Spanner 


Box 


.  Adjustable 

* 

,  Hcfok  Spanjier 


Adjustable 


Tubing  Wrench 


Types  of  Wrenches . 

;  '  (Continued) 

Socket  \|Vrenches  and  Handfes 


♦ 

_      '       Types  of  Wrenches 

(Continuea) 


.Monkey    '    ',:  .  '        .  Striking 


Types  of  Punches 


Starting  Punch 


Shank 


Body 


Pin  Punch 


Center  Punch 


Aligning  Punch 


■83 


Type^  of  File  Teeth  ^ 


Rasp  Cut 


TO 


Double  Cut 


'1  ^ 


\ 


SO  / 


Types  of  Pulleis 


Internal.  Puller  , 


Pulling  a  Bearing 
From  a  Bore 


bulling  a  Shaft 
Fro.m  a  Bore 


-T  . 


Right  and  Wrong  Use  of  Tools 


Hammel' 


Right  ' 


WrDfig 


Hacksaw  Blade 


Right  Blade    •    Wrong  BNe 


Pliers^./ 


Doo't  Use  Pliers  on  Nuts 


Side  Cutters 


> .  Use  Side  Cutters  tg  Cut  Wire, 


M  6 


Right  and  Wrong  Use  of  Tools 


(Continued) 


Cold 
Chisel 


Grinding 
Screwdii^er 


Correct  Angle 
60 


Wrong  Right 
Grinding  Flat  Co1d"etirset^ 


Wrong 


F^und  Edgie  Slightly  Rounded    Angle  is  .  Angle  is^;i 

3--  o'  I   . .  •   ^  "  '  >  Small  too  Large 

2vi  Scfewdriver  (f^^^  .  ^ 

Wrong  *       ^  \  , 


93 


Right  and  Wrong  Use  of  Jools 


End> 
Wrench 
l 


(Continued) 


Wrong 


End  Wrench  - ' 
'  Adjustable  Wrench 


Wri)ng_-  Don't\Putl 
oh  an  AdjMStabl 
Wrench  Untile  It 
Been  Tightened 
thelMut 


Wrong  Way,  '  ^ 

i 


Adjustable 

Wren'ch^ 


Monkey 
Wrench  *  J 


Wrong 


Right  and  Wrong  Use  of  Tools 

^    '  (Continued) 


It  is  Dangerous  to  Use 
a  File  Without  Handle 


I 


1 


Correct  Method 
of  Draw-Filing 


W{;ong  --Never  Use  a  Bar 
or  a  Pipe  on  a  Wrench 


Correct  Method 
of  Cleaning  a  File 


Correct  iVTethod  of  ^. 
Tightening  File  Handle 
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This  is 
Bad 

Practice 


Incorrect  Use  of 
a  Hammer  . 


9  » 


Outside  Micrometer 

'     r~  Thimble 


Anvil  .  Spindle 


T 

Ratchet 
Stop 


Depth  .Micrometer 


kiside  Micrometer^ 


Small  Insidfi  l^ameter  Micrometer 


^  51 


J."'. . 


3-' 


12  L 


-7  ,« 


Iff 


romete/: 


9  > 


1^ 


V 


0 


'CO 


93' 


-3.  1 


5 


/ 


8 


1 

m 

*  / 

J  / 

■  1 

4 

1 

1. 

1 

■  1 

1, 

I- 

.1 

\ 

<  1 

1 

■  1  / 

1  f 

■  1, 

1 

I- 

1 

9 

ieeve  Reading 


0 


00 


•^9 


CO 
00 

Sleeve  S 

CO 


Vernier  iviicr6met|^^ 


0  12  34 


10 


Thimble 


0 


20 


Slieeve 


o 

CO 

00- 

o>- 

CJI- 

co- 


0  1  2  3  4 


10 


'5 


0 


Thimble 


20 


fr.4690 


(  ' 


.0.4697 


0 
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BASIC  SHOP  TOOLS 
 UW4>lil  


ASSIGNMENT  SHEEt  #1.--READ.  THE  MICROMETER  SETTINGS 

Read  the  micrometer  settings  below  and  write  the  correct  answers  in  ^the  blanks  provided. 

^  « »  *  • 

Answers 


1. 

2. 
3. 
4.. 
5. 

•  6. 
7. 

•  8. 
9. 

10. 
Vl. 
12: 

13. 
14. 
15. 

16. 

17. 

18. 

20. 


2, 


10. 


14. 


18. 


H  10 


3,- 


0  12  3  4 

'■t|i|li!'i'lilil 


7. 


-n- 


0  :  ;  J  4  5 


11, 


1-5. 


•*^ltltltlt 


19. 


t4t 


I 


C  I  2  3 

8. 


0  I  2 

T — 

0 


12./ 

/ 


y- 


— 

o 


16. 


1. 


0  t   2  3  ( 

•> 

T 

 \ 

20. 


S 


7^ 


— PT^^ 

0    ^  ' 


I 


9. 


r-.  10 


13. 


3  1 
-11* 


17. 
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_.  '„UM1JIJ  


•      ^  »    .  •        •■  •  •  •  V 

ASSIGNMENT  SHEET  #2 -READ' THE  VERNIER  MICROMETER  SETTINGS 


'Rea;^  the  vernier  micrometer  settings  below  and  write  the  correct  answers  in  the  blari'ks 
.provided.     .      ,  ^  '  2     " ' 


Answers' 


1. 

2.  "i 
3. 
-  4. 

6. 

n. 

8.  . 

g> 

10., 


I  '  i  '  :  i  '  I  '  1  ' 

1         4         5  6. 


1'^ 


2         3  4 


I'MIM't'I" 

0        1  2* 


a 


1 1  ]  ]  ■  I  ■  ' — n7 

0*1  2 


I  t  I  !  1  J  M  I  !,[  1 
0         \  2 


-y  V- 


7  8 


i'  M  I'  tl^''!'  I 

6         7         8  9 


-Id 


10. 


MO  2 
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'  BASIC  SHOP  TOOLS 
*  UNIT  III 


/  "     ANSWERS  TO'ASSIGNMENT  SHEETS 
Assignment  Sheet  #1  •  • 


1. 

0.871  ^ 
6.226 

2. 

'  ^ 

0.,184  •  / 
0.291 

5. 

0.086 

6. 

0.023  ■ 

>  7. 

0.500 

8.' 

0.342 

9. 

10. 

0.047 

0.125     '  , 

11.  . 

0.613 

V     .  ■ 

12. 

.0.250     .  . 

13.  . 

0.012 

14. 

0.079 

15.  . 

0.282 

16.* 

0.100 

17. 

0.133   '  • 

18.. 

0.053 

19.  . 

0.393 

20. 

6,375     »  r 

21. 

0.049 

22. 

6.058  ■ 

■23. 

0.483 

2l. 

0.249 

25.  ■ 

0.102 

.Assignment  Sheet  #2 

> 

1. 

0.4678 

,2:  ■ 

0.8388 

I  3. 

0.4715 

* 

>,4. 

.0.9453 

•  5/ 

0.2928 

6. 

0.3101 

7. 

a6383  •  ;  •  . 

•  8.  • 

0.3l^7  ' 

9. 

0.3128 

'10. 

1Q7 


BASIC  SHOP  TOOLS 
^.    UNIT  III 


^  JOB  SHEET        SHARPEN  A' TWiST  DRI  L-L 


^Tools  artd  mat,erials 
"A.    Gr/nder      "  • 

*B.    Twist  drill 
C.     Container  oi- water 

\Procedufe  '  •  • 


A.    PJace  the  drill  point-against  the  grinding  Vvheel^  at  aoproximately  a  59\angl€ 
(Figure  1 )  . -  '  -  J  *  \, 

* 


FIGURE  1 


Top  View 


B.     Using  both  h*ands;Jower  the  shank,  ^nd  raise. the  bit-'^ttmg  point  ^Gf^ins.f 
the  'wheel J^Figu re  2)'  '  " 


F^GWRE  2  ^ 

12°-15°' 


Side  View 


98A 

*  • 

;0B  SHEET'  #1  *       '   .  ;     -        '    ■           '  k 

c. 

Rotate  the  bit  in  a  clockwise  manner  whilt^^rinding        >      '  ' 

'  D. 

Grfnd  both  lips  in  the  same  manner       ^                     "  • 

\ 

Dip  the^point  in  water  frequently  to  keep  it  cDoi  1 

• 

* 

■■  (■.  ■     ■  •  ■• 

t                                                     *  * 

* 

? 

< 

*  < 

< 

* 

% 

A 

• 

•  •* 

*      .                                                                    "                                                           *  * 
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BASIC  SHOP  TpOUS 
UNIT  III 


JOB  SHE^T  #2--QRILL  HOLES  WIThl-A.3/tL 

Tools  and  materials 
A.  '  Small  piece  of  flat  metal 


■PRESS 


B. 

Drill  press 

'  C. 

Center  punch 

D. 

Hammer 

E. 

Wooden  block 

F. 

Cutting  oil 

G. 

Clamp 

h; 

Safety  goggles 

Procedure 

A. 

Mark  the  hole 

FIGURE'  1 


Mark 
Hole 


B.     Pface  the  metal  on  a  wooden  block 


ERIC 
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JOB 


■St^ET  #2  V 


Clamp  the 'metal  being  drilled  securely  to  prevent  it  from  spinning  (Figure 
2) 


FIGURE  2 


C-Clamp 


Lower  Bit  and  Check  Position 


Metal 

Wooden  Block 


Feed  the  bit  down  'tOi.  the  metal  and  start  drilling. 
(CAUtlON:  Select  proper  drill  speed,  if  available.) 
Raise 'the  bit  to  see  if  you  are  drilling  in  the  proper  place 

\ 

Continue  drilling,  using  cuttmg  oil  on^^the  drill  bit  two  or  three  inches  above 
the'  work  . 


Hi 
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BASIC  SHOP  TOOLS 
UNIT  III 


JOB  SHEET  #3--RESHAPE  A  COLD  CHISEL  * 

t 


^ 


ERIC 


I.  Tools  and  materials 

A.  ^Cold  chisel 

B.  Grinder 

'    C.     Contafiner  of 'water 
D.  .  'Eye  protection 

II.  Procedure 


.  A.     Hold  the  cTiisb]  at  a  65°  to  70'' angle  with  the  handle  pointing  down  (Figure 
(CAUTION:  Check  tool  rest  fo/ proper  adjustmer>t.)  ^ 


FIGURE  1 


Side  View- 

B.     Move  the  point  frotn  side  to  side,  across  the  grinding  wheel  (Figure  2) 

T7.W  J.  n 

FIGURE  2 


Top  View 


,  (NOTE:  Dip, the  point  in  water  frequently  to  keep  it  cook) 


i 
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JOB  SHEET  #3 

Grind  . both  sides  of  the  cutting  edge  m  the  same-  manner  (Figure,  3) 

figure's 


ol^hejioint  in  water  frequently  to  keep  it  cooi 
l,f  the  head  has  become  mushroo/ned,  it  should  be  ground  back  into  shape 


r  / 


BASIC  SHOP  TOOLS 
'  UNIT  Ml 


JOB  SHEET  #4-CUT  RLAT  METAL  WITH  A  COLD  CHISEL 


I.    Tools  and  materials 


A. 

Marker  (oval  or  chalk) 

Flat  strip  of  metah 

• 

c. 

Ch'isel 

D. 

Hammer 

« 

E. 

Vise 

F. 

Eye  protection 

IL  Procedure 

A.    iVf^rk  the'  metal 


B,     Place  the  metal  in  the  vise  with  the  cutting  m^rk  Just  above  the  jaws  of 
the  vise  -       '  • 

C/ .  Select  proper  size  chisel  and  hammer 

(NOTE:  For-larger  size.met^l,  use  a  larger  chisel /and  hammer.) 

D.    Place  the  chisel  at  side  of  the  metal  to  start  the  ^bearing  point 

.  ^  (NOTE;^  Drive  the  cbisel  with  a  hammer.)  ' 
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'  '  JOB  SHEET  #A  ^ 


Hold  the  chisel -at  approximately  a  30''  angle  from  line  of  cut  (Figure  1) 


FIGURE  1 


Repeal  Cut 
Opposite  Side 


)  >■ 


IVla1<e  cuts  from  eacj;i  end  of -the  ncietal  to  the  ceptec  and  on  broth  sides 
Bend  metal  back  and  forth  until  it  breaks  ^  '  , 
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BASIC  SHOP  TOOLS- 
UNIT  III  '  ' 


JOB  SHEET. #5--DRESS  A  GRINDING  WHEEL 


I:    Toojs  and  materials 


i 


A.  Grinding  wheel 

B.  Dressing  tool '  ^'  ^  ^ 

C.  Eye  protection  ^        ^  "  ^  ^ 
II.    Procedure                   *                      •  •'^ 

A.  Select  the  proper  dressing  tool 

B.  Set  the  dressing  tool  on  the  grinder  tool,  rest  and  press  it  firmly  against 
the  wheel  (Figure  1)  .  i  ' 

♦         ^  * 

WOTE:  Use  enough  pressure 'on  the  tool  to  prevent  sparks.) 
  V 

FIGURE  1 

7 


Dressing  Tool 


C/   Dress  the  grinder  wheel  with  the  tool  until  the  edges  are  square  with'^the 
sides/-  '  ^  \  f  1 


.1 
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BASIC  SHOP  T00l,S 
UNIT.JII 


JOEf  SHEET  #6--FlT  A  SCREWDRIVER 


D  ■  107-A 


I.  Tools  and  materials  *         .  . 

,    A.   .Grinder  ^  -  ^  ' 

'    B.  Screwdriver 

C.  Screw  with  heed  size  equal  to  the  wtflth  of  the  screwdrivers  blade 

D.  Container  of  vfa'ter 

E.  Eye  projectior 

II.  Procedure 


'  <A'  ^  Place  screwdnver  against  the  grinder  wheel  at  a  90''  angle  to  square  th6 

tip  ^      '         ,4  ,  ^ 

B.  Apply  light  pressure  on»  blade,  while  grinding  .  ' 

C.  Shape  both*  faces  of  screwdriver  (Figiire  1)  ^  * 
FIGURE  1  ^ 


i 


D.    Use  screw  heafd  to  determine  the  'extent  of  grirrding  desired 
(NOTE:  Do  nQt  round  or  sharpen  the  end.  See  Figure  2:) 
f  I'GURE  2     Groutiel  Right  XSroUnd  Wrong.       »  i 


E.    Dip  point  in  water  frequently  to  ke^  it  cool 

;  ■  Ill  r--^ 


BASIC  SHOP.  TOetS--^- 

,   aN)T>rT    ^  • 


~|^-  jCb  sheet  #7-- replace  <-a  hammer  handle      '  • 


•Tool$  and  materials  * 

AT    Hammer  with  a  broken  handle 


B.    Hacksaw  ' 
\  / 

'.Twist  drill  ^  * 

E.  Rasp  ;  »    !    ^  ^ 

F.  4Handsaw  a         »      *  , 
5.  .Soft  faced  hammer 

H.  Vise       .       ^  .  ^ 

(NOTEi^Qover'the  jaws  of^he  vise  with  sheet  mental  or  use  wood  blocks 
to  pre\/ent  damage  to^the  hanrimer  and  handle:) 

I.  Ne\A^-h^ndle  ,  ' 

J.  *   Small  piece  pf  wood  for  v\?fedge  * 

Procedure  ^        '  "  ' 

w  * 

A.  '  Place  the  hammeir -heaclv.in  the  vise 

i  -  ^     ■■  • 

B.  Saw  the  broken  haftdle  close  to  the. hammer  head  wittn  a  hacksaW  (Figure 
.  -U  -  ../-"•-. 

*"Fft3URE  1  ^'  - 
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"JOB, SHEET  #r 


C;     Remove, the  wood  from  the  e^e  by  first  dnilmq  wit!(^a  twist  drill  and  then 
punctwng  the  remajnder  oiit  (Figure  ?.)"-_ 

k  ■'' 

FIGURE  2 


D.    Place  the  new  handle  m^the  vise 


E.     Work  the  new  handle  down  to  size  with  a  rasp,  trying  the  handle  the 
head  frequently  (Figure  3)     '  - 


^       FIGURE  3 


F.    With  a  handsaw  make  a  cut  across  the  long  .di^int- r-w  of 'the  top  of  the 
handle  to  a  distance  of  about  2/3  tl.t^  (^ooxh  of  t!>j  eye  (Figure  4)> 


FIGURE  4 


G,    Drive  the  handle, 
.  FIGURE  5 


firrr^iy^'jnt^place  using  a  5uf^  facied  hamryer  (Figurg,  5) 


R.    Use  'a  thm  metal  wed'qe  and  drwfn  .r  tightly  into  the  cut  in  the  errd  of  ' 
the  handle       -  ,         -  '  ^ 


Us 


ERIC 


D  -  U1-A 


JOB  SHEET  #^ 


Place  the  hammer  in  the  vise  and  use  a  t]acksaw  to  cut  off  the 
and  wedge  extending  through  the  'head  (Figtire  6) 


handle 


\ 


(NOTE:  If  steel  w^dges'are  used,  the  end  of  the  handle  need  not 
across  the  diameter,  as  the  wedge  can  be  driven 'into  place  after  the 
has  been  cut  oif  evefj  :vvithjthe_h_eajl.)  '  m  ^ 


be,  cut 
handle 


4^ 


/• 


\ 


1'  * 
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BASIC  SHOP  -TOOLS 
UNIT  III 


JOB  SHEET  #8--TIN  A  SOLDERING  IRON 


i.    Tools  'and'-materhals 
A.'    Soldering  iron 
■    b'.     File-  ■ 


C.  Zinc  chloride,  sal  arnmoniat,  or  piowdered  rosin 

•    J  •  . 

D.  Solder'  \    '    ^     '     ^  . 

E.  Gas  furnace  or  torch  ^if  a  nonelectric  iron  is  bein^  used) 

F.  Clean- cloth     '     '  , 

G.  Eye  protection  \  .  *  .  '  ^  ' 
II.    Procedure                '                                  •            ,  '  ^ 

A.  Clears  the  four  facej-of  the  point  with  a  filfe 

(NOTE:  This  is  "necessary  for  removing  "rough  spots  from  copper.) 

B.  Heat  the  iron  until  it^will  melt  solder  ^  ^ 

C.  Continue  with  one  of  the  following  three  ways  depending  on  materials 
available 

_        >(.CAUTION:  Provide  adequate  ventilation.) 

•      •  • 

1.       Zinc  chloride  ^ 

a.  Dip  point  quickly  into  and"  out  of  a  jar  of  zinc  (jhloride 

b.  Melt  solder  on  the  faces 

c.  Wipe --with-  a/ clean  cloth  to  remove  excess  sol'der 


V 
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JOB  SHEtT  ^8 


2.       Sal  ammoniac  {Ftcjure  1) 


Tinned  Portrbn 


Solder 


1V 


Sai-Ammoniac  Block 

a.  J  Drop  a  few  drops  of  solder,  on -the  sal  ^ammonie(c  block 

b.  'Rub  the  tip'  in  the  d/ops  on  'the  block 

\    '  - 

-  cV-  Remove  excess  solder  by  wiping  the  tip 'with  a  clean  doth 
3,  Rosin 


•  a. '  .Rub  the  tip  mo  •  powdered  fosin 
^  b.     Dip  the  tip,  in  solder  •  • 

^  c.     Wipe  witti  a  clean  cloth*  to  remo\^.  excess  solder 
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BASIC  SHOP  TOOLS 
UNIT  III 


JOB  SHEET  #9'-S0LDER  A  LAP  JOINT 


I.    Tools  and  materials 

A.  Soldering  ifon 

.  B.  Solder 

C.  Flux 

D.  File 

E.  Water 

^F,  Eye  protection 


G.  Two  pieces,  of  sheet  metaj,  2"  x  6" 
II.  Procedure 

A.  Clean  the  area  to  be  soldered  • 

B.  ,Applv^  flux  (Figure  1) 


^  C.    Cteah,  heat,  and  tin  the  soldering  iron 
,   (NOTE:  Never  let  it  become  red  hot.) 


JOB  SHEET  #9  ' 


Hold  the  beof'ti  toijuiher  and  *tack  it  v\Mth  sm.in  <-u7KHjn;s  of  solder  at  several 
points  (Figure  2) 

(NOTE:  Apply  the  solder  directly  in  front  o'  the  soldering  irorf  tip  rath<^?r 
than  on  it.) 


Return  to  the  starting  point  and  lay  the  soldering  iron  flat  on  the  v'vork 

(Figure  3)  *                           .  • 

Use  of  a  Soldering  Iroo 

FIGURE  3     .                         -        -  ^  ^ 


Proper, 


Improper 


With  the  seam  pressed  together  witb  a  file  tang,  stait  moving  the  soldering 
iron  slowly*  toward  the  end  of  the^jcint  as  soon.ds  ^b^'  solder  melts  and 
^egms  to  /low  (Figure  4)  ,  ^ 

(NOTE.  As  the  Soldering  iron  advapf-ob,  follow  't  Jth  the  file  tang  as  soon 
as  the  solder  hardens.) 


FIGURE  4 


124, 


JOB  SHEET  #9 


Clean  •4he  seam  with  water 

(NOTE:* This  onjy^eds  to  be  done  if  an  acid  flux  such  as  zinc.^chloride, 
sal  ammoniac/^r  other  acid  is  used.  The  joint  and  the  metal -touched  by 
the  flux  y/\U  turn  black  if  this  is  not  done.)  '  * 
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BASIC  SHOP  TOOLS 
^  UNIT  III 


JOB  SHEET  #10-CHECK"A  TORQUE  WRENCH  FOR  ACCURACY 


I.    Tools  and  materials  •»  . 

A.  Torque  w/ench 

B.  Vise  ■ 

C.  "Known" -weight 

D.  .Strong  cord  ^    ,  ^  "      .  ,  ' 
11.    Procedure             ~            ^                  \.          .  * 

A.    Hang  torque  wrench' on  a  fixed  riut  or' s'ecure  in  a  vise  (Figure  1) 


,    FIGUf^E  1  . 

A=  Center  Line  of  Nut 
B=Point  jof  Suspjension 


B.     Set  the  indicatbr  to  "O' 


B' 


V 


^i;;^  Horizontal 


50  lbs; 


C.  .  Harrg  a  known  weight  from  tfte  wrench  handle  at  any'  known  distance  from 

the  center  of  the  nut  (Figure  1)         '  <      '  ' 

D.  Multiply  the  weight  tim'fes  the  distance  from^'A  to  B  (Figure  1)^^ 
,  E.    CofTipare  .the  answer  to  the  indicator  reading        '      '  <. 

Example:        In  figurTTT^O  pounds  x  2  feet  =  100  foot  pounds  :  • 


ERIC 
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BASIC  SHOP  TOOLS.' 
•   UNIT  III   .  , 


JOB- SHEET  #11->DRAW  FILE  A.FLAf  SURFACE 


D  •-  U1-A 


Tools  and  materials  .  ,  '  ; 

A-:  ~^File  handle  "  .;  if    •  ' 

B.  .  Machinist's  file  *  •  ^  ^         .  . 

(NOTE:  Machinist's  file  Inas  double'cu*  teeth  fpr  cutting  in  both  directions.) 

C.  ,.Vise  '     '  '         '      ,         ,  ^ 

D.  Stock  to  -be  draw'  fiieli  ■  -  ■ 

t  ♦  * 

Procedure       ^       ,  ;       *  '  - 

A.    ^cure  stock-  to  be  filed  in  vise 

^B.    .Equip  file  with  a  tight  fitting  handle   ,  .    \      .  ' 

C.     Draw  the  rfi I e- crosswise  over/the  work  with  a  light  pressure  *(Fiigure  1)^ 

^  FIGURE  1 

/ 


D.    Apply  enough  pressure  to  keep- file  cutting  in  both  directions 
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'bAsic  shop  tools 

*  ^       UNIT  III 

JOB  SHEET  #12--DRAW  A  TWIST  DRILL  TO  CORRECT  CENTER 


I.  'Tools,  and  materials"         ,  '  , 

# 

A.  Electric  drill,  1/2"  chuck 

B.  *High  speed  twist  drill      '  , 

C.  Center  punch 

D.  Ball  peen  hammer  "     •v        "  •       '      .  .  i 

E.  Stock  to  be  drilled  '  •      /  • 

\ 

F.  f  Lubricating  oil       ^  _  '  •     /  ' 

II.  .  Procedure 

A.    Make  a  center  punch' mark  on  stock 

*B.     Enlarge  the  center  punch  mark  sfightly  and  remove  before  whole  point  has- 
entered  the  material 

Make  a  chisel  cut  to  side  to  which  the^drill  sho^Jld  be  drawn  (Figure  1)  '  ^ 

.  FIGURE  1  ^  •  ' 

^  Chisel  Cut'    /      '  ' 


Center  Punch  Marks 
How  to  Draw  the  Drill  BaAk.to  Correct  Center  ^ 


D.    Make  another  punch  mark  for  ,  new  center 


E.     Repeat  step\B  above 
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BASIC  SHOP  TOOLS. 
UNIT  III 


D  '  125-A 


JOB  SHEET  #13--USE  THE  OUTSIDE  MICROMETER 


Tools  and  :materials 
\\.  0" 


1.000"  outside  micrometer 

B.  1 .000'\  V  2.000"  outside  micrometer 

C.  Lathe  or  vise  \ 

D.  New  fractional  drill  bits,  assi)rtment  of  5 


E.  New  letter  size  drill  bits,  assortment  of  5 

F.  Pieces  of  metal  such  as  cold  roHed  stock,  machined  parts,  hardened  dowets, 
assortment  of  5  '  ^ 

(NOTE:  All  workpieces  should  ^be  numbered  or  lettered  for  reference.) 
Procedure        "     *  ^         '  ^ 

A.  Select  workpieces  that  are  clean  and  free  of  burrs, 'nicks,  or  dents  ' 

B.  Select  the  proper  si:2e  micrometer  for  the  workpiece  ^- 

C.  Clean  the  spindle  and  anvil  of  the  micrometer  (Figure  1)^  '  * 


FIGURE  1 


Clean  Spmdie  and  Anvil 


Cloth. or  Paper 
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JOB  SHEET  #^3 


Check  the  micrometer  at  zero  Peference 


Hold  the  micrometer  according  to  the  type  of  worfcj^iece     ♦  . 

1e  '    f-^old  the*micrometer  in  the  right  hpnd  and  the  workpiece  in  the 
left  hand  to  measure  a  nonstationary  object  (Figdr^^^) 


•FIGURE  2 


Nonstationary\^0()ject 


J  2.       Hold  the  micrometer  in  both  hands  tO' measure  a  stationary  object 
'    (Figure  3)  ,  '  ,  - 


$  ^    FIGURE  3  ' 


JOB  SHEET  #^13 


(NOTE:  Roll  fnicrometer  along^  palm  of  hand  or  forearrn  for  quick 
adjustment.  See  Figure  4.) 


.FIGURE  4 


Roll  for  Quick  Adjustment 


lace  the  micrometer  directly 'over  the  center  of  the  workpiece  to  be 


•   \measured  (Figure  5) 
FIGURE  5' 


Work  Back  and  Forth 
to  Find  True  Diameter 


/ 


-   JOB  SHEET  #13  , 

<      -  *\  * 

G.    Tura  the  tbimble  of  {he  micrometer,  until  the  jnvi!  and  Spindle  contact- 
^  the' work^piece  ^*  ^  ^  ' 

>ri-/vHold  the-  anvil  steady  and  move  ihe  spindle  tightly  over  the  workpiece  to' 
^       locate  the  ,true  ceTiterline  (Figure  5J  '  > 

I.     Use  ratchet  stop  or  light  sense  of  feel  to. determine  exact  measurement 

J.     Observe  micrometer  readings    '  # 

^    (NOTE:  Spmdie  lock  can  bg.  turned  to  hold  measurement  if  micrometer^ 
must  be  ren^oved  from  workpied^.  .Spindle  must  be  unlocked  before  resettirig 
fo  a  new  rn^asurement.) '   *   *  r  ' 

K.     List  the  readings^  dccordu^  to  the  letter  or  number  o'n  -the  workpiece 

L..    Return  the- micrometer  to  its  correct  storage   ,  

The  spindle  and  anvii.of  the  micrometer  should  be  left  oprn  wln^n 
stored.)  •  .         '  - 

*>     ' . 

Hand*  in  the  listed  readinigs  to  theylnstriff^r  for  evaluation 
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BASIC  SHOP  T0OLS 
UNIT  III'' 


/       JOB  SHEET  #14--uSE  THE  VERNIER  MICROMETER 

.  •  ■■  ^-  .      '  ■ 

I.    Tools  and- materiaJs       ^  ,   

A.  0"  -  1.0000"  vernier  micrometer 

B.  1.0000"  ■  2.0000"  vetnier  micrometer^  _  .."  * 
\^        C.     Latfie  or  vise              ,  ' .  ^ 

D.  New  nuniber  drill  bits,  assortment  of  5  - 

E.  New  fractional  drill  bits;  assortment  of  5  * 

F.  Pieces  of  nnetal  such  as  cold  rolled  stock,  machined  parts,  hardened  dowels, 
assortment  of  5  ^  ' 


(NOTE:  All  workpieces  should 'be  num*Jered  or  lettered  for  reference.) 
II.    Procedure  ■  ^ 

A.  Select  workpieces  that  are  clean ^aod, free  of  burrs,  nicks,  or  dents  " 

B.  Select  the  proper  size  micrometer  for  the  workpiece 

C.  Clean  the  spindle  and  anvil  of  the  micrometer  (Figure  1)^  , 

•     FIGUR|7l    '^^'^         '  .      •  \ 


*Clean  Spindle'  and  Anvil 


/ 


Cloth  or  Paper  •  ■ 


JOB  SHEET ^L14 


Check  the  micrometer  at  zero  referanqe 

Hold  the  m^icrorrteter  accordmg  to  the  typ(f  of  workpiece 

1.       Hold  thp  micrometer  in  the  rigRt  hand  and  the  workpiece  in  4^e 
jeft  hand  to  -measure  a  nonstationary,  object  (Figure  2) 


FIGURE  2 


Nonstat^^p^ry  Objec 


Hold  the  micrometer  m  both  hands  to  measure  a  stationary  object 
(Figure  3)  '  ,  " 


FIGURE  3 


Statfonary  Object 


JOB  SHEET  #14 


(NOTE:  Roll  micrometer  along  palm  of  hand  or  foi^rm  for  quick 
adjustment.  See  Figure  4,) 


Roll  for  Quick  Adjustment 


Place^the  microrrfetSf  directly  o^er  the  ceater' of  the  work|:)iecd^o  be 
-measured  (Figure  5)  ^ 


FIGURE  5 


Work  Back  and  Forth 
to  Fin(;j  True  Diameter 
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.      .    '       ^  JOB  SHtET  -14 

G*.  '.Turn, the  th.fiiblo  ot  the  n^icromelc^t  until  tl^^^  jfwii  dnd  spindle  contact 
the' work(>ieco  .         »  •  ' 

H.  Hold  f^e.  anvil  steady  and  move  the  sp/ndio  Ifrfhtly^  over  the  workpiece  to 
^locate  the  true  c^»nterhne  (Figure  ST ,       ^  ^ 

'  '     .  ■ 

I.  Use  "ratchet  stop. or  light  seose  of  feel  to  detenTiine  exact  measure  nient 


?ter  reaaingj 


J,     Observe  micrometer  readings-       .       •  . 

"         »  *  •  w 

(NOTE:  Spindle  lOck  can.be  turned  to  hold  measuren^ei^l  ^i* 'mcrometer 
must  be  removed  "Irom  workpiece.  Spmdie  milst  be  unlocked  betur-  .^^ettmg 
to  a  new  measurement. )  ;        '  • 

■ .  ^    :       .  ( 

"K.*    List  the  readings  according  to  the  letter  o('  number  on  thf?  .vorkpiece 

L.     Return  the  m»cromete/  to  its  correct-  storage  *  ^ 

(NOTE  The  spindle'and  anvil  of  the  micromea-er  shouM  Ix*  left  o;.-  ^  uf^en 
stored.)' ^  -    -  ,  •  / 

I.  •'  /     ■•  •  ■      ■      -    •         '    '  ■ 

M.    Hand  in  the  listed  readings  to  the  instructor  for  evaluation  . 


/  ■ 
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BASIC  SHOP  TOOLS 
•UNIT  III 

JOB  SHEET  #15--CUT  EXTEBNAL  THREADS 


1/  ♦  Tools  and  materials 


A. 

Die  , 

B. 

Die , stock  (handle*) 

C. 

Vise 

D. 

Flat  'tile 

E. 

Cutting  oil 

F. 

Rod , -or  stock  to  be  threaded 

G. 

Shop  towel 

IL    Procedure  . 
•    A,    Place  rod  in  vise  (Figure  1) 


B.  Chamfer  end^  of  rod  with  file  • 

C.  Lubricate  end  *o^f  rod  with  cutting  oil 

D.  Place  die  in  die  stock  and  secure 

E.  Place  die  on  top  of  rod  with  -tapier  facing  do^n 

F.  Start  die  ' straight  on  the  rod  * 
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JOB  SHEET  #15- 


G.    Press  down  ^evenly  and  turn  the  die  (Figure  2) 


FIGURE-  2 


H.  Apply  a  few  droos  of  cuttirigibi!  while  turning  the  , die 

I.  Chect^  die  often  for  squarenefes^'^A  ^ 

J.     Turn  the  die  one  turn  clockwise-andlben  1/4  to  1/2  a  turn  counterclockwise 
to  break  the  chip 

^  K.    Continue  this  procedure  until  the  desired  .amount  of  threads  ha\?e  been  cut 

r  b.     Rernove  die  by  turning  couriterdbckwi^e 

Me    Hold  ,onto  the  die  stock  firmly  while  removing  it  so  as  not  to  drop  it 
when  It  comes  to  the  end  of  .the  threads 

N.    Clean  threads  with  a  \}ru$h 

(CAUTION:     Do  not  use  compressed  air  for  cleaning.) 

0.    Clean  tools  and  put  them  away    '  ^ 
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£ASIC  SHOP  TOOLS 
UNIT  III 


\ 


JOB  SHEET  #16-CUT  INTERNAL  THREADS 


■  I.    Tools  and  materials  ^. 

A.  *  Tap 

B.  Tap  wrench 
, ,     C.   ■Drill  motor 

D.  Tap  drill 

.  i 

E.  Vise  ^ 

F.  Cutting  oij  ,  ! 

G.  Stock  to  he  drilled  and  threaded 

II.    Procedure       *    ^  ^  *      •  . 

A.  Place  workpiece  ip'vise 

B.  Drill  hole  top  proper  size 

C.  Use  the  chart  below  to  select  the  proper  tap  drill 


Cl*<i«n«l 

1»p  O'lll 

Soft 

S3 

0  ' 

50 

.6 

iX 

0  M30 

•  s 

7« 

'160 

T> 

'6 

0  i;;o 

0  73fi) 

f 

0  3570 

0  3'75 

■ 

0 

32 

0  53'? 

?i  ii 

;         0  ftVi? 

i9 

0  7656 

ERIC 
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JOB  SHEET  ^16 


D.  Place  tap  1n  tap  wrench    ^  -  , 

E.  Place  tap  in  hoie  and  keep. the  .tap  'ds  stratght  as  possible 


F. 
G. 


"Apply  cutting  oil  to  tap  ,  *  •  * 

Pre$s  down  on  tap  wrench  with  eqaal  pressure  on  [;)Oth  sides  TFiuure  j) 


FIGURE  1 


H.    Make  two  connplete  turns  with  tap 
I      Checfk  to  see  that  the  tap  is  straight 

> 

J.  ^    If  tap  is  not  straight,  remov^f 't  ar^J  restart 


(NOTE:  A  slight  amount  of  ' pressure  Ivn  be  ^-quired  to, get  the  tap  td 
start  straight.)  '  ^  '  ■    ^  > 

•  « 

K-.    Tap- the  hole  by  turning  the  tap  wrench  clockwise         ^  turn  then 
counterctockwise  a*  1/4  qf^^a  turn  ^ 

L,    After   the   hole   is  tapped,   remove   thc^    rap   by   turning   the  Wrench 
counterclockwise  -  "  ' 

♦  ■  X. 

(NOTE:  Hold  on  to  the  tap  v>/rench  to  prevent  it  Uo^r  falling  on  ^Mf'  ^ir'or.) 
IVi.    Clean  tools  and  put  away 

N.    Have  the  instructor  inspect  .  -  -  ^ 


\ 
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2.       Identify  tyfJSs  of  screwdrivers.  , 


a. 


CO 


d. 


•  A 


e. 


3.  Name  .two  types  of  Wamnner?.   ■  , 

b.  • 

4.  Identify  the  types  of  pliers. 


a. 


ERIC 
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7.    ^  IjJentify  the  types  of  punches. 


d. 


*   8.  '     Identify  the  types  of  file  tee^. 


a. 


d.  . 


 : — ^  '   : — f 

9.       Name  tf\ree  precautions  for  correct  use  of  the  hacksaw, 
—a. 

'  b.  •  ^ 
c. 

.10       Name  Jtwee  principle  [iarts  of  a  twist  drill. 


"b. 

P 

C.  ^• 


11'.       N^rpe  three  ways  to  extract  a  screw. 


.I 

a. 
b. 
c. 


148 


Identify  three  types  of  pullers. 


a. 


Name  three  shop  tools  4sed  for  measuring  speed. 
^  a. 

'  6.  .  '  ■ 

4      '  ■  - 

List  twb  types  of  feeler  gauges. 


a. 

b.  .  ,  '  •  . 

Distinguish  between  correct  and  incorrect  methods  of  using  and  maintaining  basic 
shop  toote  by  placing  an  "X"  next  to  the  illustrations  of  correct  methods. 
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w. 


aa. 


bbr 
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Name  four  types  of  micrometi 


irs. 


b. 

Read  the  micrometer  setting. 


.  0  1 


Answer 


Jlead  the  vernier  micrometer  setting. 


10 


20 


,09876543210 


CO 


Answer  ' 


Demonstrate  the  ability  to: 

a.  Sharpen  a  tvyist  drill.  ■ 

b.  Drill  holes  with  a  drill  press. 

c.  Reshape  a  cold  chisel.     ^  " 

d.  Cut  flat' metal  with  a  cold  chisel. 

e.  Dress  a  grinding  wheel. 


f.     Fit  a  screwdriver. 


150A" 


v'  g.  Replace  a  hammer. handle! 

h,  .  Tin  a.  soldering' iron.  * 

i.  Solder  a  lap  jojnt! 

'  Check  a  torque  wrench  for  accuracy, 

k.  Dravy  file  a  flat  surface.       *  ' 

s  ^ 

■L     Draw  a  twist  drill  to  correct  center. 

•    •. "  " 
m.    Use  the  outside  micrometer. 

<» 

ri.     Use  the  vernier  micrometer, 
o.     Cut  external  threads, 
p.     Cut  internal  threads. 


(NOTE:  If  these  activities  .have  not  been  accomplished  prror  fo  the  test,  ask 
yqur  instructor  when  they- should  be  conipleted.) 
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BASIC  SHOP  TOOLS 
IJNIT  III 


ANSWERS  TO  JEST 


Comrnon  screwdriver ' 
,  Flat  file  •  -       •  '   '  " 

/  Magnetic  pick-up  tool 

Combination,  box  and'  opeh^end  wrench 

Slip  joinf  pliers^ 

Ftet  cold  chisel 

Twist  drill 

Center  punch  ^  "  -         ^  . 
Ball  peea  hammer 
Screw  extractor"  ,    ,  ■ 
"C"  clamp 

Hacksaw  ^  • 

Tubing  cutter 

Feeler  gauge     ,     '     -  ^ 

Soldering  iron  ^ 

Outside  micrometer 

Vise^  • 

Pressure  gauge  (oil  pressure) 
Tachometer  ^ '  ^ 
Dial  indicator 
External «  puller 
Spring  tester 
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2.  a.  Common  ' 

♦  .  .  r  4, 

4 

b'.  Phillips  head 

■  c.  Clutch  head 

« 

d.  Starting- 

e-  Offset 

3.  a.  Ball  peen 

•  b.  ?Soft  • 

r  ' 

4.  •     a.     Diagonal  cutters 

'  b.  Side  cCJtters 

c.  Slip  joint 
.  d.     Needfe  nose 

•  e.     Lock  grip 

f.  Snap  ring  ' 

5.  a.  »  Open  end 

b.  Atijustable  ^' 

c.  Box 

d.  T^ubing 

e.  Hook  spanner  ^  ' 

.»  <»< 

f.  Adjustable  hook  spanner 

g.  Sliding  "Y"  handle 

h.  Extension 

i.  Socket^ 

j.      Ratchet  handle 
k.    Speed  handle'  - 

.  L  "  Universal  joint 
m.  Torque 

n.  ''Pipe  ~ 
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9. 


10. 


11. 


) 

» 

0. 

Monkey 

Allen 

q- 

Striking  * 

a. 

Flat 

b. 

Cape 

c. 

Round  nose 

d. 

Diafmond  'point 

a. 

Starting      '  T 

b. 

Pin 

c. 

Penter 

<  * 

d. 

Aligning 

a~ 

'  Single  cut 

b.. 

Double  cut 

c. 

.  Rasp  cut 

d. 

Oijrved  tooth 

D:-  153-A 


V 


Ar^fi  three' of^  the  foMowing:  * 

'*\ 

dt      Teeth  must  point  away  from  handle 

b.  BJade  must  be  tightly  stretched  "  ' 

c.  Seledt  blade  with  correct  number  of  teeth  ^er  inch  for  material  being  cut 

d.  ,   Use  sufficient  pressure  on  the  forward  stroke 
e-.     Use  full  length  of  l^lade  on  each  stroke 

a.  Shank-  , 

_> 

b.  Flute 

c.  Cutting  edge  •  •  ,  ^  , 

a.  Scpw  extractor  •  ^ 

b.  Stud  puller^ 

c.  Diamond  point  chisel 
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12.  a.  ■  External 

b,  Press 

c.  ^  Internal 

13.  a.     Revolution  coufiter 
b.  Tachometer 

^.c.     Timing  light  (StrpbosGope) 

14.  *  a.  Standard 

b.  Stepped 

15.  a,-"C;  e,  f,  h,  i,  I,  m,  o,  r,  u,  w,  .z,  aa,  bb 

16.  a.  Outside 

b.  Inside 

c.  Depth 
*     d.   'Vernier  * 

17.  0.159  •      '  '  ^ 

18.  -      0.4697    ,  .  ■ 

19.  Performance  skills  evaluated  to  the  satisfalction  of  the  instructor 
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TEST  €CKJIPMBNT  AND  SERinCE  TOOLS 
UNIT  IV  . 


UNITx  OBJECTIVE  .  '  -  * 


.After  completion  of  this  unit,  the  student  should  be  able  to  identify  testing  and  servicing 
tools  and  match  the  name  of  the  tools  to  the  correct  functions.  This  knowledge  will 
be  evidenced  by  scoring  eighty -five  percent  on  the  unit  test.  . 

SPECIFIC  OBJECTIVES       -     *'       ,  .   >  ^ 

After  completion  of  this  unit,  the  student  should  be  able  to; 

^    1.'      Match  terms  associated  with  test  equipment  and  service  .tools  to  the  correct 
definitions.  ,  • 

2.       Name  two  genf^al  types  of  engine  tools  and  their  purposes, 

,  ^  3.       Identify  types  of  testing  tools,    ^  ' 


4,  ,  Identify  types  of  ser^cin^i  tools. 

5.  '     Match  the  testing  tools  to  the  ^orr^ct*  functions. 
6..      Match  the  servicing  tools  to  the  correct  functions. 
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•  »  .  •  * 

'     *  .       TESJ  EQUlPMEIsil  AND*  SERVIC^'  TOOLS 


UMiT  IV-   .         ]       *        \  ^  j 
SUGGESTED  ACTIVITIES      '  • 


I.    Instructorr       ^  ,  *f  .  * 

'-^  A.    Provide  stOdent  vyith  objective  sheet. 
B.    Provi'de^tubent  with  information  "sheet. 
-  '  •  C    Make  transparencies.  -  »  . 

D.    -Discuss  unit  and  specific  .objectives. 
E;    Discuss  Information  sheet. 

^  F.     demonstr^fe  fhe  use  of  .a  valve  guide  knurling  tool. 

<f  *  '> 

.   ■  G.    Give  test. 

.  .   "  1  ^ 

.  II.    Student:  '      -  1  -  . 

»  A.    Read  objective  sheet.     »        .   -  ' 

k ' 

B.    Stuciy  information^  sheet.  . 

V  • 

'    C.    Take  test.    '  .  ^ 

INSTRUCTION'AL  MATERIALS 


1,    Included  in  this  unit: 


A.    Objective  sheet\ 
^•B.  *  Information  sheet    ,       '  '  ' 
C.    Transparency  masters'  , 

1.  TM  1  "Testing  Tools 

2.  TM  2"Testing  Tools  (Cdntinuedh 

3.  TM  3-Testing  Tools  (Continued) 

4.  ^  TM  4-Testing  Tools  (Continued) 
5:       TM  5-Servicing  Tools 
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\ 

6.. 
7. 

•  8. 

9. 

D.  Test  ' 

E.  '  Answers  to  test 


TM  6--Servicing  'TooIs^  (Continued) 

TM  7--Servicing  Tools  (Continued) 

TM  8--Servicing  Tools  (Continued) 

TM  9--Servieing  Tools  (Continued) 


Heference-'Fundamantals  of  Service:  Engines.  Moline,  Illinois:  '  Deere' 
Company,  1972.  ^  -  .  J 


and 
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TEST  fQUiPMENT  ANp  SERVICE  TOOLS 
UNIT  IV 


-INFORMATION  SHEET 


Terms  and  definitions 


A.  Dynamometer  Applies  a  load  to  engine  lo  measure  hors^^owur  cmTTTu^^. 
consumptiOfi  , 

B.  Manometer  -  Tester  using  mercury  or  water  to  iesi  6^^gine  varuums^  or  \ 
pressures    ^  '  '  .  | 

I  '  *  * 

C.  Knurt--To  upset  metal  thereby  decreasing  the  bOf(|  or  increabhU]  the  outside 

diameter  of  a  cylindrical  object  \               ,    :  '  ,   »  - 


Ream-To  enJarge  or  dre^sout  a  hole  -or  bore^  ^ 
F^"^Oiagnose-To  recognize  by  signs  or  symptoms 

F.     Thermocouple  Two  dissimilar  wires  joined  at  one  end,  and  used  t6  measur' 
temperature  differences 

Yypes  of  engine  tools  and  their  purposes  -  - 

I  •  ^ 

A     Testing  tools--To  diagnose  the-  engine  ' 

B.     Servicing  tools-  To  repair  the  engine    '  ^  , 

Testing  tools  (Transparencies  1,2,3,  and  4) 

A     Cylinder  compressioa  tester 


B_  Cylinder  .bore  gauge 

C  '   Ring*. groove  wear  gauge- 

D.     Piston  pin  bore  gauge 

— files  1 1  gage  

f  .  ^   Valve  spring  tester 

G.  Injection  nezzle  tester 

H.  Injection  pump  tester 

I.  "Dynamometer 
J.'  Manometer 


'r. 
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INFORMATION  SHEET 

K.  Battery  hydrometof 

,  L.  -Thermostat  tester  ^ 

^         M.  RadiaCor  .and  cap  tester 

y    h).  Pyronieter 
-"•^       IV.    Servicing  tools  (Transparencies  5,  6,  7,  8,  and  9)- 

A.,  Valve  refacer 

B  Valve  seat  grinder 

C.  Valve  ^fHA^  compressor 

D.  »  Valve  gui  rearner 
F      Vdke  guide  knurling  tool 
F  -Xtfl'ir^der  liner  puller-installer 

^  *G/  Cylinder  ridge  reamer 

*H.  ^Cylinder  rebormg  bar         -  ^        '  , 

I       Cylin^r  deglazer 
J.     Piston  nn^N^oove  cutting  tool 
^  K     Piston  r;ng  expander 

^  L     Piston^  rmg  compressor  •       ^  ^ 

^   ^  *      I,    ^  , 

M.    Piston  and  rod  aligning  tool        ^  -  ' 

-  N.     Injection  rio?|Zle  removal  tools 

Injection  nozzle  cleaning  , kit  , 
P     Valve  se^^t  ci^ter      ^    '  ^ 
Q.    Valve  seat  installer^ 

V:  ^Testing  tools  and  their  functions* 

^    CvVnder*  compressipb -tester  Meaciares  cylinder  pressure 
8^    Cylinder  bore  gauge  Checks  the  roundness  or  ta^r  ol^a  cylinder 


C.     Ring  ^groove*  wear  gauge  IVU^asures  the^amount  of^ear  iq  the  piston  rmg 
gr6o('es  ; 


•  .  INFORMATION  SHEET  ' 


D.  Piston  pm'bbre  gaucjt^' Measures  pistoa^pin  bore' for  precision  fits 

E.  Plastigage  Determines  engine^  bearing  clearance 

F.  Valve  spring  tester--Checks  the  strength  of  vaj^e  sprii^gs 

in/ecior  no^^le  tester  Checks  tiie  conclition  of  needle  valve  and  seat,  spray 
pattern,  cracking  pressure  of  nozzle,  jeak  off  throogh  nozzle,  bnd  nozzle 
valve  lift  "  •        ,  ' 

H.     Injection  pump  'tester  Tests  and  calibrates  diesel  fuel  injection  pump 

J^10TE  ^  An  injection  pi.jmp  K^ster  tests  leakage,  .vacuum,  pressure,  and 
deliverv' used  to  make  idle  and  torque  control,  adjustments  )  ^ 


I 


Dynam6,n^eter  Apphes  a  iOcJd  tu  engine  to' measu'-e  engine  horsepower  and 
.fuel  con^u^'Ption  •  '  ^ 


J  .  Manometer  Checks  tfic  dirjntal^  system  lot  an  e.ogme  for  rejtrictrons 
K      Batterv  h^'drometer  Checks  the  specific  y 


avity^of  a  battery 
at  which  the  tfiermostat  starts 


Thermostat  testr>r  Cherks  the  temperature 
to  opVn 

X  -  •        "  .  cJ  ■ 

Rddrator  and  cap  tester  Checks  the  radiator  jnd  cap  for  leaks  and  (;o.rrect 
openinq  'pressure  ^        '  .  * 


N.     Pyrom^'WT  Instrument  fo>  nieasunnq  t^v^iperdtures  beyon^f  the^range  ^f  a 
hercurial  therniom^eter     .         ^          -     *  ^  .  ^ 

Servicing  tools' ar^d- fhtr^r  function^;  .       '  \  '  - 

A     Valve  rnfdcer  Grinds  an  exact  <:ngle^n  the  face  of  ^  valve  * 

B,  Valve  seat  grmder-Used.  to  reseat  valves  with  both  rough  and  fir^ishmg' 
^grinding  stones 

C.  Valve  spring  cori)pressor."^CDmpj.esses  the^sprmg  when  removing^or  installing . 


D.     Valve  gunde  .reamer^  Reams  used  valve  guid^^s 


(NOT£'  A'  valve  ggiide  reamer  is  ideal  for  cleaninq  carbon  from  used  guides 
E   ^  Vaive  guide  knurling  tool  Used  to  resize;  a  worn  valve  guide^ 
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F.    GvUpCief  liner  puller-installer  -Hydraulic  or  manual  toot  used  to  remove"  or 
los^u  cylinder  lineis 

G     Cylmder  ridge  reamer-Removes  the  ring  ridges  found  at-the  top  oMcylincJer 
or  liner  *  ^      .      ^  A 

»  *  • 

H     Cv'inde.'  reburing  bar  -Used  to  machine. the  cylinders  ofMarge  engines  which 
h^ve  integrarcylindeis 

(N(jT^    The  boring  opepation  is  necessary  if  oversized  pinions  are  to  be  . 


J.     Cyhnde'-  degiazer-Used  to  deglaze  and  finish  th^  cylinder  or  cylinder  liner 
bor^  '  '  '  ^ 

''^viO^E  Stone,  pad,  and  brush  types- of  cylinder  deglazers  are  available.) 
J  nr  q  jroove  cutting  tool-Used  to  machine  worn  piston  ring  groQves 

\C)1l    Nt^v  stdndard  width  rings  ca'rTbe  used  with  flat  steel  spacers  after 

'    (yoo'^'C  cutting  )  ,  ^ 

K     >  .  .nm  ring  ^^xpander^  Used  to  remove^or  install  piston  rings  without  damage 

L        ..:u'-  ^  n.j  '.ompressor  -Used  to  compress  the. piston  rings  when  installing 
S'-on^  r'/j  the  cylinder 

S  m 

.lO'   cipd  rod  aligning  tool  Checks  the  piston  ^nd  rod  alignment 

''iOTE    Bending  bars  and  clamps  are\used  to  correct  any  bend,  twist,  or 
r  *'Sf't  in  the  rod.}      _  *       *  L 

\ 

\      .-ijf^r^tion   nozzle  re'mova!   toots^  Removal  and  installation  kit  for  some 

iniect.on  nozzles  ^       ^  *  .  # 

{f  iOrE,  A^t>/t)ica1  kit  includes  hose  clamp  pliers,  nozzle  puller,  boFe  cleaning 

tool,  ^jnci  d  guidf*  )'        °  '  *  \  '  '~ '  % 

0     Injection  nozzle  cleaning  kit-  Kit  of  tools  designed  to  service  one  particular 

nrtake  of  nozzle      *  -  \  . 

\ 

I  S  " 

(NOTE'   Kits  usually  include  cleaning  wires,  brushes,  drills,  and  lapping 
compounds.)  -  ^ 

P.  ^  Valve  seat  cutter-  Tool  used  to  cwt  new  angles,*  or  dress  up  valve  seat' 

0.    Valve  sea^  installer  Tool  used  to  install  valve  s^at  inserts  in  thfe  cylinder  head 
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Valve  Spring  Tester 


Testing  Tools 

(Continued)  ^ 
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Testing  Tools 


(Continued) 


Radiator  and  Cap  Tester 


Pyrometer 


Battery  Hydrometer 


ERJC  ; 


♦  V 


•I 


Servicing  Tools 
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Valve  Refacer 


A 


VaKle  Seat  Grinder 


Valv6  Spring  Compressor 
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Servicing  Tools 


Servicing  Tools 

(Continued) 


Cylinder  Degiazer 


Piston  Ring  Expander 


Piston  Ring  Groove  Cutting  Too! 


Piston  /^in^  Compressor 


o  - 


\ 
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Servicihg  Tools 

•  •  (Continued) 


r 


Piston  an(i  Rod  Aligning  Tool 


Injection  Nozzle  Removal  Toa[s  (Diesel) 


Injection  Nozzle  Cleaning  Kit  (Die! 


Rir 


17G 


Sen/icing  Tools 

\  (Continued) 


Driver  Head 


<0 


Vdve  Seat  Cutter 


Valve  Seat  Installer 


I 

X 
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TEST  EQUIPMENT  AND  SERVICE  TOOLS 


UNIT  IV 

I  " 
TESIT 


NAME 


Match  terms  on  the  right  to 'the  correct,  definitions/ 


_a.  Applies  a  load  to  engina^o  measure 
horsepower  and  fuel  consumption  ^ 


_JS^  Tester  using  nnercury  or  water  to  test 
»        engine  vacuums  or  pressures  ^ 

2  c.  To  upset,  metal  thereby  decreasing  the 

bore  or  increasing  the  diameter  of  a 
cylindrical  .^bject  '     '  ■ 

 d"  To  enlarge  oi^  dress0trt  a  hole  or  bore 

\ 


1.  Manometer 

2.  Dyi:^mometer 

3.  '  ^  Diagnose 
Knurl 
Ream 


4, 
5. 
6, 


e.  To  recognize  by  signs  or  symptoms 


f.   Two  dissimilar,,  wires  joined  arone  end, 
and    uted    to    measure  /temperature 
-    differences^  ,  / 


-Thermocouple 

•  -  K 


2.       Name  two  general  types  of  engine  tools  and  their  purposes. 


a. 


%B^f^^^(ier^X\fy  the  types  of 'testing  tools. 


\ 


b. 


IT  ^ 
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5,       Match  the  testing  tools  on  the  right  to  the  correct  functions. 


m 


a.  Measures  cylinder  pressure 
^b.  Checks  the  ii^^l^ness/^r  taper  o^  a 


cylinder 

_c.  Measures  the  amount  of  wear  in  the 
piston  ring  grooves   ^  ^  , 


jji.  Measures,  piston  pin  bore  fpr  precision 
fits  ^  ^  ^ 

_^e.  Determines  engine  bearing  clearance 


J]   Checks  the  strength  of  valve  springs 


^g.'  Checks  the  condition  of  needle  valve  ^nd 
'seat,  spray  pattern,  cracking  pressure  of 
no3#le/  leak  off  through  nozH»le,  and 
nozzle  valve  lift 

h.  Tests  and  caliBrate^diesel  fuel  injection 
pump   ^  -»  if 

L    Applies  a  load  to  engine  ^o  measure 
engine  horsepower  and  fuel  consumption 

j.    Che(fks  the  air  intake*  system,  of  an 
engine'  for  'restrictions 

k  Checks  ,the  specTfic  gravity  of  a  battery 

"I.    Checks ^the.  temperature  at  wPiJch  the 
"7  thermostat  starts  to  >  opery 

m.  ChecVS  the 'radiator  and, cap  for  leaks 
and  correct  opening  f^ressure  * 


.  n.  -Instriljment  .for  measuring  temperatures 
"  'beyond   the  ,  range  of  a  mercurial, 
thermometer  ' 


1. 
2. 

3. 

4. 
5. 
6. 


•  9. 
10. 

11, 

12. 

13. 
14, 


Plastigage 

Ring  groove 
wear  gauge 

'  Cylinder 
compression 
tester  -  ' 

Valve  spring 
'tester 

Cylinder 
bore  gauge  . 

Injection 
nozzle  tester 

Piston-  pin 
bore  gauge 

Radiator  and 
cap  tester 

Battery 
hy,drometer  . 

Thermostat* 
tester 

Dynamometer 

Injection 
pump  tester 

J^anometer 

Pyrometer 


} 


185 


ERIC 


D  •  189-A 


7 


6.    ^  Match  the  servicPng  tools  on  the  right  to  the  correct  functions.  * 


^.  ,Grmds  an^exact  angle  on  the^face  of  a 
valve 

^b.  ysed  to  rese^at^ valves  with  both  rough- 
and  finishing  grinding  stones? 


 G.'  Conrjf^esses.the  spring  when  removing  or 

installing  tfie  valve 

_d.  ReanQS  used  v^lve  guides  ,  ^ 


►  Valve  spring 
compressor 


_e.  ,Us,ed  to  resize  a  worn  valve  guide 

___f.   Hydraulic  or  manual  tool  used  to  remove 
or  install  cylinder  liners 

_g,  Removes.the  ring  ridges  found  at  the  top- 
-    of  a  cylinder  or  liner 

_h.  *Used  to  machine  the  cylinder/  pf  large, 
'     engines' which  have  integral  cVlinders 

■  .    '  •        -••  \    .  • 

_u   Used  to  degfaze  and  finish  the  cylinder 
or  cyfrnder  liner  bore 


5. 
6. 


J.    Used  'to   machine   worn    piston  -^ring 
.  ''grboves     »  '  ^  . 

_k..  <Used  to  rembve  or  install  piston  rings 

wrfhout  d^mag^        »     .    '     ^  ^ 
•  *  »? 

I  Used-to  compress  the  piston  rings  when 
^  'installing., pts tons  *into  the  cylinder  * 


^m.  GH( 


lecks/the 


pistoh  *and  rod 


id  alignnjient 


 jn;  Removal',  and  installation  ,  kit  for*  sdnrie 

,  injection  nozzles  »       *  ^ 

 o*:  Kit  of   toohs  d^stgned "tds^service  one 

^  particular  -make  of  nozzle 

_£  p.  Tool  used  to  cut  nev&  angles,  or  dress  up 

valvej^etrf-  '  ^  « 

/'^  .\ 

 q.  Tool  used  to  instalf^alve  seat  insects  in 

the  cylinder  head   *  ' 


9. 

^  -10. 

^  -11.' 

,  \ 

'  .12. 

if 

,  13. 

14. 

''IS. 
16.. 

•17.^ 


Injection  nozzle 
"•yfcleaning  kit  ^ 

Vatve  seat 
grinder     —  - 

Piston  rjng 
compressor 

Valve  refacer 

Pistonv  and  rod 
aligni^ng  tool  " 

Injection  nozzte' 
removal  tools 

Piston  ring  *  ' 
expander 

Piston  ring 
grpoVe  cuiting 
tool.  . 

Cylinder 
-  r^oring  bar 

'  Cylinder 
deglazer 

.Val^  guide 
knorkng  tool  ^  ^ 

Cyfinder  liner 
puller-installer 

^alve  auide 
,-reann^^ 

Cylinde^^ 
hdge  reamer'  * 

,  Valve  seat 
mstallei 


Valye  seat 
cutter 
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c 

a. 
b. 
a. 
b. 
c. 

d.  - 

e.  » 
f. 

g: 

h. 

I. 

I-' 
k. 

% 

m. 
n. 
a. 
b. 
c. 
d. 


ANSWERS  TQ  TEST 

.    d.     5  .  " 
*    e      3  ■ 
■  f.  6 

Testmg  tofeis  -To  diagnose  the  engine 
Servicing-  tools  To.  repair  the  enqme 
Cyhnder  compression  tester' 


Cylinder  bor^  gauge 
f ' 

Ring  gr^bv^Nj^ear  gauge 
Piston  pin  bore  ^au^e 
Plastigage 

VaiVe  spring  tester 

Injection,  nozzle  tester 

Injection  p^mp  tester 

Dyrtannameter  ■ 

Battery  hydronneter 

Manonneier 
\  V 

/Thermo^at  fester 
•  ✓ 
Radiator  and  c^p  tester 

Pyrometer 
■  Valve  refacer  ■ 
Valve^^seat  c^nnder 
Valve  spring  compressor 
y,alve  guide \reamer 


> 


> 
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♦  ✓ 


.  e.     Valve  guide  knurling  tool 

f.  '  Cylinder  liner  puller-inst^ller 

V  i 

g.  Cylinder  rid^e  reamer     '  ' 
•  h.     Cylinder  reboring  bar     '  % 

linder  deglazer 

Piston  ring  groove  cutting  tool 

<• 

^    k.     Pisto'n  rmg  expander 

i  ^  .  . 

^  '\J'      Piston  ring  comprqssoV 

J*  m.-    Riston  and  rod  aligni/^g^  tool 

n. .    Injection  nozzle  reMbvai  tools 

0^    Injection  nozzfje  cle^ning^kit 
.  p     Va^ve  seyiLcutter 


5. 


V  4- 


13 

I.  10 
m.  '8.y 


k.  ■  8 


I.  •  4 

♦  - 


n.  M 
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FASTENERS 


UNIT  OBJECTIVE  ^ 

/-    •  ' 
After  completion  of  this  unit,  the  student  should  be  able  to  identify  typical  fasteners 
discuss  how  bolts  arVd  threads  are  measufed,  and^seJect^qualities  of  satisfactory  fasteners! 
T>*  studeftt  should  also  be  able  to  select  methods  used  to  remove  seized  nuts  and  select 
•tools  used  to  restore  threads.  This  knowledge  will  be  'evidenced  by  scoring  eighty-five 
-percent  on  the  unit  test       .  -    .    •  . 


SPECIFtC  OBJECTIVES 


After  completio'n  of 'this  unit,  the  ^tad^nt  should  be  able  to: 


1. 
2. 
'•3. 

"5. 


'  7. 


Match  terms  associated*  wilh  fasteners  to  the' correct  definitions. 
Sete^t- qualities,  of  satisfactory  fasteners.  .      "  '  ~  "  '  ^ 


Identify'  typical  -fasteners.  % 


Identify  jtyppl  bol^  head"  style^, 
Discus^how  bolt  sizes,  lengths,  and  threads*are  measured. 
Match^he  grade  of  bolts  to  the  markings  6n  the 'head  of  bolt. 
Idehtifv)  typical  njuts,  i  ,  * 


Identify  spec la^^' purpose  nuts  with  locking  or  self-locking  features. 
]    "  \        »  *  ■  ' 

9.;*^  ^"/^^X^yCT^^xhod."^  used  to  remove  a  seized  nut/  r  ' 

10.   f'.v  ^dntify  five^type^  of^  wash^rs^  _  . 
Select  toqirused  to' restore  bolt  threads.  •< 


11 


( 


D(jls"  I 


12.    '  /Select  tQols  used  to  restore?  internal  threads.  ' 
1^3.       lfi«t  four  devices  for  locking  nuts  or  bo<fts.  ' 
14..,  ,  identify  .types  taf /rftachme  scr6w  hea4>  designs.  ^ 
15^.     identify  four  types^of  snap  rings. 
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*        UNIT  IV  . 


SUGGESTED  ACTIVITIES 


Instructor: 


A.  f^rovide-^udent  with  -objective  sheet. 

B.  Provide  ^udept  with  infor-mation  sheet. 


C.  Make  transparencies.  ' 

D.  Discuss  2nit  and  specific  objectives. 

E.  ,  Disctfss  information  sheet. 

F.  Give  test. 
Student: 

>   a_ 

A.  Read  objective  sheet. 

B.  ,  Study  information  .sheet. 

C.  Yake  test. 


INSTRUCTIONAL  MATERIALS 


Included  in  this  unit: 

A.  objective  sheet 

B.  *   Information  sheet, 

C.  Transparency  masters 


1. 

2. 
3. 
4., 
5. 
6. 


TM  1 --Typical  Fasteners 


TM  2-Bolt  Head  Stv^es 

TIVl  3-'-Plow  ?o  Measure,  Bofe  and  Threads 

"*  ^ 
TM  4-SAE  Grade  Markings  for  Steel  Bolts  and  Screws 

TM.  D-Typical  Nuts 

"Speciial  Purpose  Nuts 


i 


130 


l\  TM  7"Methods  Used  to  Remove  a  Seized  Nut  ^^^^^ 

^ J.  TM  8-T^pes'*of  Washers  ^ 

9.  TM  9-Tools  Used  to  Restore  Bbit  Threads  and  Internal  Threads 

10.  TM  10-Devices  for  Locking  Nats  or  Bolts 

11.  -  TM  11-Machine  Screw  Head  Designs 

12.  TM  12-Types  of  Snap  Rings  ,  . 
D.  Test 

JE.    Answers  to  :test  , 

•R'^^^erence-Fundamentals  of  •  Service.: .  Fastene^.\  MoWne.  Illinois:^  Deere  aifd 
Company,  1974.     ^  _ 
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MNFORWnTlO\  SHEFT 


A      Bort  Metdl  roci  or  pTn  to"/ f jsfentnu  obj^'Cts  i|X}('ther  that  hjs  j  liecuiNit 

one  efcl"  a  sc^ew  thredd  cU  thp  other  end,  and  Jt>  sealed  J)V  aJni^t  ^ 

B.  '  ^Sc'/ov-  Pointed  jnd  f^^faprci  c  yhrKlrieal  tas'tener  tnat  is  threaded  and  cleVigrn^d 
t  in  serf  on  into  nvjtenji  by  fotaliricj  .        •  ^> 


< 


ERIC 


'C  FastrfH'  ()e\ru,'  used  to  ejfi' or 'hoid  t- K|t>;[u»r  bep-.'f ijte  it^Mn^ 
D      Tao  Tuo.'  for  formin.^  '^r:  internt^  %crv\\  thread* 


^rv^'dds 


F  ^    Sti.fl  Ste^M  rno  /ith  th^t  .ids  on  t)t^t^^  efid5/lo])e  scr^^xVo  Otnfra<HM]l%  'n;^ 
.1  hxrrj  pjrtycit  o*u^  -fX)  and  rec^^<vt  a  n\it ''cJr^  tht;^- ^f)osed 

G      SAE  Son^'iv   (M   A.itMf-Dtiv'r  Fr?>]iruH'rs- 


A.     Suorig  ; 
i        * — ^ 

,  ^  \ 

A>    H^'y  h^Md  hoir 
*  *  «  * 


'.V 


•  .0       ^  , 


If);: 
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INFORMATION  SHEET  . 

> 

» 

• 

D.  Woodruff 

J 

- 

• 

&.     Cap  screw 

- 

( 

F.  '^  Socket  head  bolt 

G.  Tapping  screw 

H.  Tooth  lock  washer 
'!.  Rivet 

J.     Bolt  and'out 

•  i 

r  , 

K.    Cotter  pm  . 

SquXre  key 
M     Fiat  NA^her 
•  Plow  bolt 
■     0.'    Carriage  bolt 

• 

{ 

\ 

• 

P      Castle  nut 

- 

Q     Lock'  .washer 

R  ,  Adhesive 

,     S.     Lock  pin* 
T.  '  Snap.,  ringi 

U.    Machine  screw 

'V.'    Set  screw 
*  *• 

* 

* 

W.  ^  Spring  lock  pin  - 

X.     Locking  nut 

( 

\ 

Clevis  .pin 

IV.    Typical  bolt  head  styles  (Transparency  2) 

1                                -  • 

»  M  , 

\ 

A.    Hex  head  bolt. 

» 

B.   ,/Hex  socket  head  bolt 

J 

1 
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.  C.    Plow  bolt  ;  ■ 
D.    Square'  head  cap  screw 
E    /12-point'  htad  bolt 

/    ■        .  '   ■  ' 

R<   ■  Askew  head  bolt 
*  •  ».  • 

>  •» 

G.  Carriage  bolt 

* 

H.  Hex  flange-  screw 
V.    TVleasurmg  bofts  and  threads  (Transparency  3) 

^  A  Size  of  bolt  IS  deterr^ined  by^  measuring  tl^  diameter  of  the  thread  end 
^ '  <»  *         . ,  / 

B  *   Length  of  boil  »is  determinscjby  rneasuf/ng  the  distance  from  bottom  of 
the  head  ^^to  the  end  of  the  tn>Gads 


with/  rciun 


VIL 


'\OTE  Sonne  carriage  boits  >vithyryund,  flat,  tapered  heads  are  .measured ' 
from  the  top  of  the^  hea'd  to^Jl?/e^e)lid  of  the.  threads.) 

■  '''■/:-/} 

C      rjumher  of  threads  pen  in<ch  is/determined' by  measuring  with  a  rule  or 
a  thread  gauge  1' 

(NOTE'  American  !\iational/stand^i^s  established  the  unified. screw  thread 
standard  Course  th/eads  ^^re  U/fe  'standard  and  fine  threads  are  SA.E. 
threads  )         •       /        /     ^  ^ 

t   /  /  ■  •  .       ■  ». 

Grade  markings  for  steel  bolts  (Transparency  4)  * 
A.     SAE  Grade  1  and  2^  No  marking  or  hp«ffl  of  bolt 

B     SAE  Grade  5-/rhree/  marks  Islashes)  on  head  of  bolt^  ^ 
C     SAE  GVade  7/- Five/ marks  (slashes)  -on  head  of  bolt 
D.    SAE-Grade  B-S^ix/' marks  (slashes)  on  head  of  bolt 
Typical  nuts  (Transparency  5) 
A  J    Acorn  , 
Bl  ^stle      I       •  '  . 

q|     Spring  .  J  ,  *  ^  ^ 


20'0-X- 
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.8 


Wing  ^ 

'  ■  E. 

Hex 

•F. 

Flanged 

• 

.  •  G- 

Lock 

H. 

Slotted 

V 

1. 

Weld         .  • 

• 

*                                                          •  • 

J. 

Panel 

✓ 

-    '-^-^  K.- 

Serrated 

;  L. 

Single  thread 

• 

M." 

^SjDecialty 

VIII.'  Soecfai  purpose  nuts 

with  locking  or 

self-tocking  features  (Transparency 

A.- 

Prevailing  torque 

lock  r\ui 

'  B. 

Plastic  insert  lock'  nut 

r 

t 

C. 

Jam  nut 

-  '     ■  •  D. 

Castle  nut" 

*  f 

Slotted  nut 

Wing  nut 

G. 

Speed  nut \  / 

■  •  .W. 

Anchor  ni^t 

'\. 

Chamfered  rmt 

s 

■ 

'J. 

Cap  nut  \ 

Flange-lock  nut 

*                            -  <■ 

*  \ 

\ 

3.  ■  • 

Pal  nut 

\ 
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•  •  » 

IX,    Methoc^ 'used  to  .remove  a 'Seized  nut  (Transparency  7)- 
A.    Penetrating  oil  '  , 

,  Hac(<saw  *  * 

» 

C.  Nut  splitter 

D.  *    Chisel  ' 

E.  ,Gas  torch 
X.    Types  ol ^washers  (Transparency  8) 


A.     Flat  washer 


'  B,    lock  \vasher 

C.  "    External  toothed  lock  washer 

D.  Internal  toothed  lock  washer 

E.  Countersunk » external  tootbed  washer  , 

XL    Tools  :'used' to  r0store  bolt  tl;)fTeads  (Transparency  9) 

A,  Rethreadjng  tool 

/ 

/ 

B,  ,  Thready' restorer 

C,  Rethreading  die 
XII.    Tools  to  restore  inrernal  threads  (Transparency  9) 

A.  Internal  thr^fid  chaser 

B.  Hand  tap 

X^IL    Devices  for  locking  nuts  or  bolts  .(Transparency  10) 
>     A.  CQf!^/\)\ns 

B,  LoQK  wire  ' 

C,  fi^at  metal  locks 

D,  /Lock  ears 
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XIV,    Types  of  macWne  screw,  head  designs  (Transparency  M) 

"AT  "Round        "        ,  -  -  —  

•    •  ,  '  •      i      ,     •  *    .  , 

B.  Fillister  '  ' 

C.  Truss    '\  • '        .  •  '  • 

V  /    '  '\  ' 

E.V  Oval  c  '         .  • 

.    .  F.    'Cross  recessed  or  phillips  ^ 

G.  Flat  .  '  ^  *  ^  ' 

H.  Clutch    j     ^  ^  , 

,   I.    ^Hex  slotted   "      *  -         '  • 

XV.    Types  of  snap/rings  (Transparency  12) 
A.     Internal  prong 
'  '  '      B,     internal  hole  .     *  -  ' 

.  '       *  C.     External  hole 

'  '      >  ^  ,        D.'    External  "E" 


1^7 


/ 


Hex  Head  Bolt 


Typkal  Fiasteneis 

Bolt  . and  Nut  Plow  Bolt 


Socket  Head  Bolt 


i 


■  Stud     '  ■ 


Machine  Scfe\ 

ID 


,  dap  Scrjew 


Lockiriq  Nut, 
Cotter  Pin 


Set  Screw 


\  .  Carriage  Bolt  Tappiihg  Screw 
Woodruff  Key   -   Square  Key 


FIjalhWasher'   '  Lock  Washer 


.  Rfvet 
,  Toothed  Lock  Washer 


Wing  Nut 


'Castle  Nut 


Snap  Ring 


Spring  Lock  Piri^ 


Lock  Pin 


Adhesive 
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^  Hex  Head'B'olt 


Square  Head 
Cap  Serew 


;iarriage  Bolt 


CM 


Bpft  Head  Styles 


Hex  Socket'Head  Bolt 


12-Point  Head  Bolt 


Plow  Bolt 

■■■ 


Asl<:ew  Head  Bpit 


Hex  |lange  Screw 
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How  to  Measure  Bolts  and  Threads 


Bolt  Length-^ 


Bolt  Size 


Measuring  Threads  Per  Inch 


Length    Length  Length 


Coarse  Thread 


V 
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0  ■ 


Ruler 


Thread  Gauge . 


SAE  GRADE  MARKINGS/ 
FOR\  STEEL  BOLTS  AND  SCREWS 


Grade 
Marking 

Specification 

t — 

Maferial 

Tensile 
Strength , 
min  DSL- 

0 

SAE-Grade)& 

Steel. 

SAE-Grade  .1 

lo^Carbon  Steel 

55,000 

.SAE-Grade  2  ■■ 

L0W  Carbon^  Steel 

.  69,000 

■  SAE-Grade  5 

Medium  Carbon 
,  Steel,  Quenched 
lempered 

128^000 

SAE-Grade  7 

Medium'Carbon  * 
Steel,  Quenched, 
and  Tempered 

133,000 

SAE-Grade  8 

M6d.  Carbon  Alloy 
Steel,  QuenchSd 
and  Tempered 

150,000 

.  L 


Special  Purpbse  Nute 


Prevailing  Torque  /  -  Plastic  Insert 
Lock  Nut  Lock  Nut  . 


Slotted  Nut- 


Jam  Njjt 


Chamfered  Nu,t 
(Both  Sides) 


'Wing  Nut 


Cap  Nut 


Speed  Nut 


Flange-L^ck  Nut 


.Anchor  Nut 


Pal  Nut 


[etlioil&  Used:  to  Remove  a  Seized  l\[at 


Nut-Splitter 


Penetrating  Oil 


Chisel 


G'as  Torch  for' Heat 
Use  Carefully!  * 


Hacksaw 
i 


Seized . 
Threads 
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Types  of  Washers 


Siduntersunk 

External  ToothedSA^her 


Lock  Washer 


External  Tdoiied 
Lock  Washer 


Loose  jjght 

(Washer -Grips)^ 


Internal  Toothed 
Lock  Washpr 


Thread  Restorer 
(Tile-Like) 


Tools  Used  to  Restore  Bolt  Threads 
and  Internal  Threads 

^<    Bolt  Threads 

Rethreading  Tool 


Retl^reading 
Die 


Internal  Theads 


Internal  Thread  Chasers, 

0 
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Hand  Tap 


iiinmniuniii 


D^yioes  for  Locking  Nuts  or  Boh^ 


castle  Nut 


/Correct 
Bend  Prongs 


Cotter  .Pin  l^ongs  Properly  Bent*  Around 
Castle  Nm  and  a  Slotted  Nut 


Slotted  Nut  ,      Cotter  Pin 


1  ^=^^^I!r 


Dodble-Head  Cotter  Pin  in  Us( 


Lock  Ears 
Properly  §erit 
Into  Place 


Flat  Metal  locks  Hold  Flyvyhee! 
Bolts  in  Place  ' 
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I 

Machine  Screw  Head  Designs 


Cross  fiecessed 
Fillister  or  Phillips  ' 


Types  of  Snap  Rings 


Internal  Prong 


External  Hole 


Saap  Ring 


V 


Internal  Hole 


External  T 
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FASTENERS 
UNIT  V 


TEST 


NAME 


Match  the  terms  on  the  right  to  the  correct  definitions. 


J,  Metal  rdd  or  pin  for  fastening  objects  f 
together  that  hals  a  head  at  one  end,  a 
screw '-thread  at  the  t>ther  end,  and  is 
•  secured -by  a  nut       •         >  > 


_b.  Pointed  and  headed  cylincjrical  fastener 
that   is   threaded   and'  designed  for 
'insertion  into  material  by  rotating'  ^ 

] 

_c.  Device  usecLta_5e%/e  or  hold  together 
•separate  items 

__d.  Internally  threaded  screw  cutting  tool 
used  for  forming  external  screw  threads 

_e.,  Tool  for  forming  an  ibterrtal  screw 
'    thread  -  \ 

J.  Steel  rod  w^h  threads  on  both  encjs,  to 
.  be  screwed  permanentiV  fhto  a  f  ixfed  part 
at  .one  end  and  receive' a' nut  on  the 
exposed  end  - 


 g\Society  ,of  automotive  engineer^ 


1. 

Tap  ■ 

2. 

Sfud 

3°. 

Screw 

4. 

Die 

5. 

Fastener 

Bolt 

7. 

SAE 

Select  qualitik^f^ satisfactory  fasteners*>by  placing  an  "X"  in  the  appropriate 
blanks.   ,  ^ 


\ 


_a.  Easy  to  renWe 


b.  'Must  be  used  witfr  two  washers 


\ 


T^perature  resistant 


e.  Be  threaded  on' both  ends 


\ 


\ 


0^ 


/ 


g- 


h. 


5.     *  Discuss  how  bolt  sizes,  lengths,  and  threads  are  measilred 


*  6.       Match  the  grade  of  bolts  on  the  right  to  the  markiriSs  on"  the  h§ad  of  the  bolt. 

1^     ,  SAE-Grade  7 
-SAE^Grade  5^*  " 


•I 


2. 
3. 
4. 


SA^-Grade  1  and\2 
SAE'Grade  8*. 
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'      .'  :  ■  ^  ^  ■ 

9.       Select  methods  used  to  remove  a  seized  nut  by  placing  an  "X"  in  the  appropriate 
blanks.      *       ^  *  - 

•  a.  Hacksaw  .  ^ 


b.  Chisel 


c  (jbI' torch!  .* 

_d.  Hot  water  - 

_e.  Screwdriver 

J.  Penetrating  oil* 


10.  -     Identify  five  types  of 'wa*shers. 


a. 


b. 


J 


c. 


Select  tools  used  to  restore  bolt  threads^  by  ^placing  an  "X"  in  the  appropriate 
'  blanks. 


a.  Rethreading  tap 

b.  Rethreading  die 


jj:,  Rethreading  tool 

A 

d.  Die  stock 


2IS 


Selepra  tool  used^  restore igternBl  threads  by  placing  an  "X"  in  the  appropriate 
blahk.    ^     J  -  ' 

 ^a.  Threading  die 


b.  Chisel 

c.  Hand  tap  i 


\ 


^ist  four  devices  for  locking  nut? -or  bolts, 
a.  *r  ' 


b. 


c. 


Identify  the  types  of^  nnachine  screw  head  designs. 


mm 


c. 


e: 


f. 


h. 

217. 


FASTENERS 
UNIT  V 


ANSWERS  TO  TEST 


6    .  ,    ■  »■  e. 

3         •  ,  f. 

5  g. 
4 

,  d,  f 

Hex  head  bolt 
Wing  nut 

.  Stud 

Wbodruff  key 
Cap  scre^ 
Socket  head- bo  It 
Tapping  screw  \^ 
Tooth  lock  washer 
Rivet 

Bolt  and  nut  • 
Cotter  pin 

Square  key  ' 
Ffat  washer 
Plow  bolt 
Carriage  bolt 
Castle  nut 
Lock  washer 
AdHesive 


1 
2 
7 
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s. 

Lock  pin  ^ 

t. 

Sngp  ring 

u. 

Machine  screw 

V. 

Set  screw 

w. 

Spring  lock  pin 

X-.  . 

Locking"  nut 

y. 

Clevis  pin 

.   Locking"  nut 

4.    "  3.  *  Hex  head  bolt 

b.  Hex  socket  Head  bolt 

c.  Plow  bpit 

d.  Square  head  cap  screw 

e.  12-point  heapi  bolt 

f.  Askew  head  bolt 
_     g.  Carriage  bolt 

h.     Hex  flange  s^rew 
Discussion  should  inplude: 


r 


a.  Size  of  bolt  is  determined  by  nneasuring  .the  diameter  of  the  thread  end 

b.  Length  of  bolt  is  determined^  by  measuring  the  distance  from  bottom  of 
.  the'  head  to  the  end  of  the  threads 


6.       a..  3 


Nurfiber  of  threads  per  inch  is- determined  by  measuring  with -a  rule^oF 
a  thread  -gauge 


b.  2 

c.  1 

d.  4 

a.  Castle 

b.  Spring 


1 
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■c. 
d. 


Wing 
Hex 


f.  Lock 


8. 


9. 
10. 


g. 

h. 
i. 


Acorn 


•  Slotted 


V 


Weld^ 

j.  Panel 

k.  Serrated 

L  Single  thread  - 

m.  Specialty 

a.  Prevailing  torque  lock  ..nut 

b.  Plastic  Insert  (ock  nuT^ 

c.  Jam  nut        -  * 

d.  ,  Castle  nut  ^    ,  * 

e.  Slotted  put 

f.  «  Wing  nut 
g^-  Speed  nut 

h.  Anchor  nut  ^  ^ 

i.  Chamfered  nut 
j,.  Cap  nut 
k.  Flange-lock  nut  . 
I.  Pal  nut 

a,  b;  c,  f  , 

a.  Flat  washer 

b.  Lock  washer 
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c.     External  toothed  lock.,  washer 
d'.     Internal  toothed  lock  washer" 

■\*  ■ 

e.     Countersunk  external  toothed ^^asher 


\ 


•11.       b,  c, 

12.  -  c 

13.  a.     Cotter  pins  [ 
b»     Lock  wire  , 
c»   '  FJat  metai  locks 


f.  Flat- 

g.  Cross  recessed  or  phiMlps- 

h.  Clutch  '  *  .  ' 

i.  Hex  slotted 
15»       a.  Internal  hole 

b/  Wternal  "E" 

'  'C.  Internal  prong"     *      '      *  i 

d.  External  hole  j 
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ENGINE  OPERATING  PRINCIPLES 
UNIT  I 


UNIT  OBJECTIVE 


After  completipn  of  this  unit,  the  student  should  be  able  to  identify  |basic  parts  of  a 
diesel  en^in/^ntf  match  these  parts  to  thejr  functions.  The  student  should  h\so  be  able 
1^  to  discuft^he  operation  of  the  diesel  engine,  ^tingufsh  between  differences  in  the 
\  diesel  erjgine  and  the  gasoline  engine,  and  explain  the^Jjasic  difference  between  a  four 
stroke  cycle  and  a  two  stroke  cycle  engine.  This  knowledge  will  be  evidenced  by  scoring 
eighty-five  percent  on  the  unit  test. 

'    I  ' 

^      SPECIFIC  OBJECTtVES' 


After  corhpletibn  of  this  unit,  the  student  should  be  able  to:  * 

0    1.       Match;  terms  associated  with  leitgine  operating  principles  to  the  correct 
definitions.  ,^  ,  ^  . 

2.  Identify  basic  parts  of  a  diesel 'engine: 

3.  •  Match  basic  diesel  engine  parts  to  their  functions. 
•   '  4.       Discuss*  the  operation  of  the  diesel  engine. 

5.  Explain  vvhat  happens  during  each^ltroke  of  a  four  stroke  cycle  engine.' 

■        *   6»  Explain  the  basic  difference  between  two  stroke  and  four  stroke  engines. 

7»  .  Discuss  the^characteristics  of  two-cycle  ;Bnd  four*cycle  engines.  * 

-    8.  Distinguish  between  the  differences  in  diesel  engines  and  gasoline  engines. 


r 


t 

*     •     'ENGINE  OPERAtiNG  PRINCIPLE^ 
-  ••    .  •   '  '    .   '  UNIT  I 

■     '     .         ,      SUGGESlkp  ACTIVITIES,- 

Instructor:    •     •  . 

A.    Provide  student  with  objective^  sheet. 

3.  'Provide  stydent  with  information' sheet. 
C.  '  Make  transp^ncies.  '  ■ 


D  .  3.B;; 


.    D.    Discuss  unit  and  specific  objectives. 
-  E.     Discuss^ inforjnation  sheet. 
*F.    Give  test. 
II.  •  Student: 

A.  Read  objective  sheet.  ^  ^ 

B.  StuSTy  informatioa  sheet.  ,    ^  " 

C.  Take  teSt.  /   .  ' 

*  ■  - 

INSTRUCTIONAL  MATERIALS 

-    ^    .     /  '    *  ^  ■    \  . 
U    Indued  in  this  uhit: 

-  ;  A.    Objective  sheet 

B.  Information 'sheet  • 

C.  Transparency  masters 
1.'     TM  :i-Cylinder  Terms 

TM  2-Compre5sion  Ratio        ^  \ 

TM  3--Piston  Crown  Designs 

TM  4--Piston  Stroke* '  • 

TM  5--Basic  Parts  of  a -Diesel  Engine'.'  . 

TM  6--lnternal  Engine  Parts  » 


:.2. 
3. 
4. 
5. 
6. 


0 

ERIC 


224 


7.  TM  7-'Diesel  Engine  Combustioh 

8.  TM  8"Four  Strok§  Cycte- Operation 


9.      TM  9-Two  Stroke  Cycle  Operation  . 
^         ^  3   •  ' 


Test 


E.  '  Ansiwers  to^.test 
References:  • 


A.  ,   Kates,  Edgar  J,*^  and  ^i/ck,  Willlanr}  B.  Diesef  atyj  High  Compression  Gas 

Engines.  Chicago:^ American  Technical  Society,  1972. 

B.  Fundamentals  of  Servjce:  Engines.  Moline,  lllinbis:  Deere^and  Company, 

C. "-   Detroit  Diesel  Allisojn,  Service  Manual.  Detroit,  IVfichigan:  Genferal  Motors 

'  Corp.,  1973. 
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ENGINE'  OPE-RATING  PRINCIPLES 
UNIT  I 


■     INFOf^MATION  SHEET"  •   ^  .      '  ■ 

Terms  and  definitions'  *      I  ' 

A     Volume  Totaf.^space  between  the  |lJStori  at  its  lowest  position  in  tlie^:ylinder 
.and  the  bottom  of  the  cylinder  head  (Transpareilcy  1)  " 

9 

B      Clearan(|p  volume -Total  space  between  ,the  pis4:on  at  its  highest  position 
inf  the  cylinder  and'the  cylinder  Kead  (Transparency  1)  * 

J     '  ' 

C.  Compression -The  reduction  in  volume  oygases  trapped  in  tl"*^ cylinder  by 
the  upward  mo'tion  of  tlie' piston^  ,     •      -  / 

D.  Compression  ratio  Ratio  of  wholt^  cylinder  volume  to  least  cylinder  volume 

♦  (Transparency  2)  ,  * 

{ 

•  (NOTE.  The  least  cylinder  volume  is  the  c{e<iranqe  volume.) 

( 

E      Cofupression  'igmUon -  Ignition  af  the  fuel  by  tfie  heat  from  compression 

F:     Temperature--Measure  of  heat  intensity       .  '  * 

G,     Combeistion-  Action  pr  operation  of  burning       J  ^  - 

/ 

#  '  '      .  -  •  ■  / 

H    ,  Pre/combuslion  chamber  Cavity  m-^e^  cylinder  head  of  some  Diesels  where 

''-'^orioe  burning  of  fyel  first  takes  place  \  "  ' 

I.      Piston  crown  Surface  fhape  of  the  tbp^oj^the  [)iston  (Transparency  3) 

} 

J      TPC  (Top  Deacf  Center)--Piston  at  highest  [)oint  of  travel  (Transparency 
4)     ^     ■  "        -  , 

K      BDC  (Bottom  Dead  Center)  Piston  at  lowest  point  of  travel  (Trans{)arency 
4)  ■      •  '  ■ 

L-     Stroke  Distdnce  the  f)istOn   moves  when   traveling  from  TDC  to  BDC 
(Transparency  4)  , 

M.     Engine  Sf^n^d  Crankshaft  revolutions  [)er  minute 

N   .  Power  control  ControMinTj  the  encjine  ()owur  t)y  Vdrying  or  governifuj  tfie 
amount  of  fuel  injected  *in to ^  the  combustion  chcimber  '  ' 

0.     Cycle  Series  of  .eC^ent^  tfial  r(^[)eat  then^solv^^s  in  a  regular  ^ecjuence 

■     ■    '       ,.         228         '    *•  • 
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n.    B^sic  par-ts  of  a  diesel  enaine  (Transparencies  5  and/6) 

A.  Cylinder  block 

B.  , Cylinders 

C.  Pistons 

♦ 

D.  ^   Conpecttng  rod  ' 
Et  Crankshaft 
P.   '  Crankshaft.  geaV 

'   .  G..  .Cann^haft 

H,  ^  Tinnmg  gear 

I.  ^am  lobes 
J.     Push  rbds 
K.     Ro'cker  arnns^ 
L.  Valve 


M.    Valve  lifter 
N.    Cylinder  head 


/ 


^   Q.  ^  Cooltng  pas^agev>^y 


P.  Wrist  pin 
Q.  Flywheel 


/ 


R  '     Oti  pumiji  ^ 

I 

/ 

S.     0\\  par) 
T.     Intake  valve 
U.    Exhaust  va[v/ 
Basic  dies^t  engine 
A.  ~  Cylinder  block 


►arts  and  their  fu'rrctibns  (Transparencies  5  an.d  6) 

i 


Soiid-casting  which  includes  the  cylinders  and  water  jacl^ets 
B.     cTn^erS  'Hole^  m  the  cylinder  block  containing  the  pistons   •  • 

,227  .    •  •         ■  ; 
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C. .    Pistons  Movable,  pjugs  open  at' on-e^end.  which  transfer  force  of'6^4ilo;^joji- 
^  to  the  connecting-rod  *       •  *  *  -    i?^  vJ-i. 

□..^   Connecting  rod -Cpnwecting  link  bet\o^een  tlie  piston  and^yankshaft 

E.     Crankshaft-  Mam  shaft  o'f  an  engine  which,  turned  by  the,  connecting  rods, 
changes  'the  reciprocating'  motion  ^of  jthe  piston  to  the  rotary-^(H-ff>fv4f^- 


J     '  '  *     '         the  power  train 


^    .         /NOTE.  Portions  are  offset  to  form  throws  to  which  ftieyconnectmg  rods 
are^  attached.)    '         ^   '  ,  \         ^  ,  ' 

F.  Crankshaft  gear-Drives  the.  camshaft  or  idler  gear        '  *  , 

f  ' 

G.  ^  Camshaft  -Shaft  wuh  cam  lobes  used  to  operate  the  valve's 

H.  Timing  ^jear -Geaj-  by  whi^Ti  ^the  camshaft  is  driven  by  the  crankshaft; 

r.  '  Cam  lobes-. Eccentrics  on  the  camshaft^  that  operate  the  valves 

J.     Push  rods  Rod  lipRs  that  -  transfer  mt^tion  from  the  liftert  t^/tlie  rocker 
^  arm         *  ^-  *  f  V  ^ 

,  ^       K.     Rocker  arm  Transfers  motion  from  push  rod  to > valve  m-t?pen  the  valve 

\   ^  t.    Valve  lifter-  RitJes  on  tfie  camshaft  so.tTi§;  the  cam  lobe  raisesNt  to  operate 
the  valve       -  '  •  ^  ^         '     x  . 

^   '       .         v  .  . 

(NOTE:  The  valve  lifter  is  also  called  the  cam  follower.)* 

M.    Valves  Open  and  close  the  cylinder  t9^  allow  air  4o  ^nter  or*  gases  Jo  leaVe 
,   the  cylinder  •  .  ^  • 

N.    Cylinder  head  Metal  section  bolted  to  the-bfock  to  close  .one"  end  of  the 
cylinde/,  w/iich  usually  contains  the  valves  \   \        *        1  • 

0.    Cooling  passageway  Holfow^  spatein   block   through   which  /^coolant> 
circulates  •  '  \  '    •  ■ 

^    _  P.  ,  Wrist  pm  ServesTas  floating  connecting  piece  for  piston  and  connecting  rod 


Q  XDil  pump  Provides  pressure  that  circvulates  oil  to  rotating  or  reciprocating 

^  engine  parts' to 'minimize  friction 

R  Oil  pan--Re5ervoir  for  engine  oil 

S.  Intake  valve--Permits  air  to  enter  the  cylincTer   s  ^  '  •     ^  * 
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T.     Exhaust  valvo  0[)ens  and  allows  exhaust  ^ases  to  be.  forced  from  anqine 

U.     Flywheel- Atfaches  to  the. end  of  the  cra'nkrsh^fl  and  provides  inertia  to 
carry  the  crankshaft  around  from  one  firing  impulse  to  the  otjner  % 

"operation  of ''the  diesel  enqme  (Transparency  7)  •  ' 

A     Piston  jnSves  up  on  corT>f:^ression  stroke 

\   .  \       ■  .  : 

1.       Air  IS  trapped  tn  ^he  cylinder  ^causing  pressure  to  rise 

Pr^iSi;ure  rise  causes  high  temperature 
B     Piston  leaches  top  dead  center  ,  , 

1.  Fuel  IS  injected  into  the  cylinder 

2.  '  Hot  compressed  air  ignites  the  fuel 
3       ^CombustiorT  occurs 

C.     Coml)ustion  creates  energy  to- force  the  piston  down  on  the  power  stroke 
*    -  (NOTE*  Power  is  controlled  by  amount' of  fuel  injected  into' the.  cylinder.) 
Strokes  in  a  four  stroke  cycle  engine  (Transparency  8) 
A     First  "stroke  Intake 


1^       Piston  moves  down 
2        Pxhaust  valve  closed 
3.r       Intake  valve  open 
B.     Second  stroke--Compression 

1  '    Piston  moves  up 

2  i    Intake  and  e^^haust' valve  cfosed 
C      Third  stroke  Power  (ignition) 

1         Piston  (joing  down 

2^      Intake  and  exhaust  ^va'lve  closed 
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D.  \Fourth  stroke  Exhaust 


♦1.  ,  >  Piston  moves  up 


2  IntakeJvdlve  closed 
3.       Exhaust  valvo  open 


Difference,  between  'two  stroke  and  four  stroke  engines  - 

A.  Four  sl^oke  cycle-  Fires  every  other  timej^j^storv  reaches  Top  dead  center 
(Transparency  8)  .  ' 

.(NOTE    Crankshaft  mdkes  twp  revolutions* and  piston  mak@s^-four  strokes.) 

B.  Two    stroke    cycle  Fires  tt^ch    time-  piston   rea9hes   top   dead  center 
(Transparency  9)  .  •  ' 

(NOTE  Crankshdft  mdkes.  one  revolution  and  piston  makes  two  strokes" 
but  cofiipletes  all  four  events  in  the  cycle  Cylinder  has  been  ch^argecl  by 
a  bl(5wer  forcinc)  air  th,fx5ugh  ports  near  boUom  of  cylinder.)  < 

c  *  ' 

Characteristics  of  two  c^'cle^  oncJ  fourcycle  engines     ~       ■  ^  - 

A     Two  cycle  ♦ 

1  Produces  a  power  stroke  for  each  revolution  of  the  crankshaft 

2  Theoretitdlly 'produces  twice  the  f)ower'  for  the  same  size  engine 
3]        Smootfier  running  as  power  strokes  occur  at  shorter  inter*va!s 

B.     Fourcycle  "  ^  < 

/  -  ~ 

■    1         Hodt  problem  is  less  due  to  each  cylinder  firing  half  ds  often 

2  Does  not  use  cuigrne  power  to  drive  a  blower  to  force  air  charge 
rnto  the  cylinder  under  pressure 

3  Bu*rn(^ci  gas.^f,;s  drc?  co*7if)letely  cleared  from  the  cylinder,  resultiriq 
in  nnore  f)ow(^r  per  f)owef  stroke 

4  Exhaust  y^alves  or  ports  open  Idtc^r*  creating  ijejfne  gam  in  effective  * 
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Diesel  and  gasoline  engine  differences  ' 

A.  Fuel  ignitioa  ^  .  *  ^ 

1.  Diesel'-lgnition  by  compression 

2.  Gasoline--lgnition  by  ^ectrical  spark 

r   .    ^  ^-^  • 

B.  Intake  air  ^      -  '  , 

o 

1.       Diesel-'Takes  fresh  air  directly  "to  combustion—ehamber 

*2.       Gasoline-Takes  fresh  air  and  fuel  through  carburetor,  ^  then,  to 
combustion  chamber  "  - 

C.  Compression  / 


1.  •  Diesel-  High  compression  ratio  (16-22:1) 

2.  Gasoline-Low  Compression  ratio  (7-11:1) 

D.  Fuel  ^  '     '     ,  . 
I'       1.  Diesel-Burns  low  grade  ,  fuel  oil 

2.  Gasoline-Burns  g^solinre  - 

E.  Fuel  delivery  system  j 

,  1.  Djesel-  Fuel  injected  directly  into  corobu^tion  chamber 

2.       Gasoline-Fuel  and  air  mixture  drawn  through  carburetor  arid 
intake  manifold  into  combustion  chamber        '  ^ 

r     Construction  -  < 

1.  Diesel-Heavier  construction  ^  ^  . 

(NOTE:  Heavy  construction  is  required  to,  handle  the  high 
pressyre  and  temperature  generated  m  a  diesel  engine.)^ 

2.  Gasolme-Lighter  construction  *        '  ' 


€ylihder  Wall 


Cylinder  Terms 


Cylinder  Head  -^ 
Clearance  Vdlume 


Cylinder  Wall 


Piston'  at^Bottom  of  Stroke     Piston  at  Top  of  Stroke.. 


|R1C 


if-- 


Z3Z 


D  -  13^B^ 


Compression  Ratio 


•12  Units 


Cyiinder  Head 


%        0  9 


.  Total  .VoJume 


11:1 

Compression 
•Ratio  ' 


Clearance 
Volume 


Piston 


Piston 
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Exhaust  Afelv^f 

*    Cylinder  H^ad 

0 pen  "torn bustior>^' 
•    Chamber  . 

i 

'  Cylinder  Block 


Basic  Pjarts  of  a  mesel  Engine 

Intake  Valve) 

Rocker  Arm 


.  ^Cooling  Passageway 

Wet  Typ\  Sleeve 
(^rist  Pin 

Crankshaft 
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Cylinder  Crankshaft 
f  Fifing  Or(ter  <1-5-3-6-2-4) 

Valve  Lifters 
Cam  Lobe 

Camshaft  •       •         ,  ' 

•  » 
>  *  ■* 

Connecting  Rod  and  Connecting  Rod^^Bearings 
Crankshaft  Gear 

CD 

'2^T 


Timing  Gear ' 


Internal  Engine  Parts 

..  •  .        .  Valves  Cylinders 


* 

Cylinder  Head 
Piston  Rings 
Pistons 

Connecting  Rods 


Flywheel 


*  Cylinder  Block 
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Diesel  Engine  Combustion 


■a. 


HI 


Piston  moves  up 
on  compression 
stroke 


Injection  of  Fuel 
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Airjs  trapped  in 
the  cylinder 
causing^  pressure 
to  rise 


Pistoti  reaches  * 
T  DC  aUd  fuel  is 
injected  ihto  the 
cylinder 


Combustion 


Power 


Hot  compressed 
air  ighit^s  the  fuel, ' 
combustion  occurs^ 
and  this  creates 
energy  to  force  the 
piston  down  on 
the  -poyver  stroke 


D 


CO 


(9 
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Four  Stroke  Cycle  Operatioif 


Fuel 


-  INTAKE 

f^uel-air  mixture  is  ^ 
,  drawn  Into  cylinder 
from  carburetc 
thr^Mglvopen' 
intake  valve  by 
down-stroke  of 
piston^ 


COMPRESSION 

Mixture  is  '  . 
compressed  i>y  up- 
stroke of  piston, 
^oth  intake  and 
exhaust  valves  are 
closed. 


POWER 

.  Compressed  lyiix- 
ture  fs^*gnited^  by 
spark  plug  and 
expanding  g^ases  ^ 
force  prston  to 

^  bottom  of  cylinder. 
Valves  remaih 
closed.  *  i 


.  EXHAUST 

Piston  on  up- 
stroke forces 
burned  gases' from  ^ 
cylinder  through 
open  exhaust 
valve.  . 


:er|c  . 


24 


1 


Cut 


H 

•2. 


Er|c1242 


Two  Stroke  Gycle  Operation 

1 

Injector 
Exhaust  Gases 


Compression 


^Exhaistv': 


Blower 

Intake  Port 


Intake  Port 


D. 


I 

go 
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ENGINE^qPERATING  PRINCIPLED- 
UNIT  I      "  /.. 

/ 


> 


TEST- 


NAME 


Match  the  terms 'on  the  right  to  the  correct  definitfons. 


^a.  Total  space  between  the  piston  at  it^ 
lowest  position  in  the  cylinder  anci  the 
bottom  of  the*  cylinder  head 

_b.  Total  space  between  the  piston  3t  its 
highest  position  in  the  cylinder  and  the 
cylinder  head 

_c.  The  .reduction    in  ^volume   of,  gases 
^  trapped  in  th^e  cylinder  by  the  upward 
motion  of  the  piston  y 

__d.  Ratio  of  whfole  cylinder  volume  to  feast 
cylinder  volume 

_e.   Ignition' of  the  fuel  by  the  heat  from' 
compression 

't   Measure  6f  heat  intensity 

_g.  Action  or  operation  of  burning 


 h.  Cavity  irl  the  cylinder  Wead  of  .some 

diesels  where  some  buTning  of -fuel  first 
takes  place  ' 

.    d        '  ,  ,   

 i.    Pistons  at  highest' point  of  travel 

'  I.    Piston  at  lowest  point  of  travel 

\ 

»  k.  Distance    the    piston    moves  when 
traveling'  from  TDC  .ta  BDC 

4.    Crankshaft  revolutions  per  minute 


m.  Controlling  the  enginejpower  by^-vacying 
or  governing  fhe  amount  of  fuel  injected 
into  the  combustio'S  chamber 

n.  Surfacelshape  of  the  top  oi  the  piston 

i 

o.  Series      events  thst  repeat  themselves 
jlrt  a  .regular  sefjuence  . 

^  -  -  ^ 


2. 
3. 
4. 
5. 

6. 

7. 
8. 

9. 
10. 
'  11. 

■  12. 

J3. 
14. 
*M5. 


Piston  crown 

Power  control 

Engine  speed 

Stroke 

^BDC 
(Bottom  Dead  • 
Center)    ,        ,  ^ 

TDC 

(Top  Dead  Center)  " 

Combustion 

Pre-combustion 
chamber  ' 

Compression 

Temperature 

Compression 
igr>kion 

Compression 
ratio 

Volume 

Cycle 

Clearance 
volume 
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Match  the  basic  parts  on  the  right  to  thei/  correct  functions.  (The  answers  for 
"a"  through  "1"  are  on  this  pag^.)  -  '  . 


\ 


a.  Solid  ^  casting    which     includes  the 
^  cylinders  and  water  jackets 

b.  Holes  ir^  the  cylinder  block  containing 
the  pistons  >^ 

c.  'Movable  plugs  open  at  one  ent}  which 

transfer  force  of  explosion  to  the 
connecting  rod 

d.  Connecting  link  beti^veen  the  piston  and 
crankshaft 

w      ' .,  - 

_e.  Main^shaft  of  an  engine  which,  turned  by 
the  conneciiing  rods,  changes  the 
reciprocating  moTion^of  the  piston  to  tfie 
rojfary  motion  in*  the  power  tr&in 

f.   Drives  the  camshaft  or  idlerje^r^  '* 


^, 
2. 
3. 
4. 
5." 
6, 
7. 
8. 
9. 
10. 


.g,  ^haft  with  cam  lobes  used  to  operate  the  "  11, 
values' 


h.  Gear  by  which  the  camshaft  is  drive^  by 
the  crankshaft 


i.    Eccentrics  oti  the  camshaft  that*operate 
.  the  valijes  *  >  * 


J.-  Rod  links  that  transfer  motion  from  th^ 
lifter  to-  the  rocker  arm 

k.  Transfers  -motion  from  push  rod^to  valve 
to  open  tjne  valve 

I.   fijdes  on  the  camshaft  ^o  that  the  cam 
lobe  raises  it  to  operate* the  valve 


12. 


V 


Valvp  Jifter 
Connectins^  rod 
Crankshaft 
Push  rods  , 
Rocker  arm 
Timing  gear 
'  Cytinders  ' 
Cylinder  block 
€am  lobes" 
Pistogs 

Crankshaft,  gear 
CamsKaft 
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(The  'answers  for  "m"' through  "u"  -are,  on* this  -{^ge^rj 


m.  Opens  amd  allows  pxhaust  gases  to  be 
forced  from  engine  cylinder  ■ 

 n.  Metal  section  bolted  to  the  block,  to 

^ close  prfe  end  of  the  cylinder,  which 
usuaify  contains  the  valves* 

^  o.  Provides  pressure  that  circulates  oil  , to 

.  rotating  or  reciprocating  engine  parts 
to  #nriinimize  friction    -  , 


p.  Serves  as  floating  connecting  piece  for  * 
"5    pistcm  and  connecting  rod. 

q.  Hollow  space  in  block  through  which 
coolant  circulates 

r.   Reservoir  for  engine  oil  '  , 

s.  Permits  air  to  enter  the  cylinder 


13. 

14. 
15. 
16. 

17 

18. 

19. 

•20. 


Valves 
Oil  pari» 
Flywheel- 
Oil  pump 


■V 


Intake  • 
valve 

cylinder  . 
head 

Exhaust  ^ 
valve  • 

Cooling 
^j^assageway 


't.  Open  and  close  the  cylinder  to  allow  air 
to  enter  or  gases  to  leave  the  cylinder 

p.  Attaches  to  the  end  of  the  crankshaft 
and  provides  inertia^  to  carry'  the 
crankshaft  around  fronn  one  firing 
impulse  to  the  other 


Discuss  the- operation  of  the  diesel  engine. 


21.      'Wrist  pin 


2,47 


r 


Explain  what  happens  during  each  stroke  of  a  four  stroke  cycle  engine. 


Explairu-thfi^^basic  difference  between stroke  ahd  four  str^alce  engines. 
Discuss  the- characteristics  of  two-cycle  and  four-cycle  engines. 


Distifiguish  between  the  differences  in"diesel  engines  and/gasoline  engines  by 
placing  an  "X"*next  to  the  descriptions  of  diesel  engines. 

'  a.  lgnitioa;by  compression  I.. 

 b.  -Burns  ga^linp 

c.  Lighter  construction 

d.  High  compsession  ratio 


e.  Heavier  construction 


f.  Takes  fresh  air  directly  to  combustiofT  chamber 

g.  Ignition  by  -electrical  "spark 

h.  Low  compression  ratio"" 

i.  Burns  low  grade  fuel  oil  *  '  . 

j.  Fuel  and  air  mixjy re  drawn  tfirbugh  carburetor/and  intake  manifold" 
.    into  combustion  chamber  '  . 

k.  Takes  fresh,  air  and  fu^l-  through  carburetor  then  to  combustion 
^chamber  ♦  .  ' 

T  f 

I.    Fuel  injected  directly  into  combustion  chamber 
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ENGINE  OPERATING  PRINCIPLES 
'  UNIT  i  '  ^ 


ANSWERS  TO  TEST 


u-aA-  13 

b.  "  16 

c.  15 

d.  9 

e.  12 

f.  11 


h.. 


10 
7 


i.  .8' 

).  6 

k.  5 

I.  4 


^Any  fifteen  of  the  following' 
a.     Cylinder  block 
,b.    '.Cylinders  <■ 

c.  Pistons  *  ' 

d.  Connecting  rod  .  i 

e.  Crankshaft 

f.  \  Crankshaft  gear 

g.  Canrishaft 

h.  Timing  gear 

i.  Cam  lobes 


#  ^ 


J- 


Push  rods 


Rocker  arms 


Valve 


m.  Valve  lifter  "  * 

n^.  Cylinder  head 

0.  Wrist  pin 

p.  Cooling  passageway 


ni. 
n, 

P- 


3 
2 
1 

14 


36-B 


n 

PI\/\AyHppl 

1  1  y  vVi  1  CC 

*     *  * 

*          *  « 

*  * 

* 

r.. 

vjii  pump 

^  s. 

Oil  pan 

• 

t* 

Intake  valve 

I  

u. 

CXnaUSI  VdlVc 

d. 

p 

o 

n.     o           •  o. 

16  '  ' 

• 

D. 

7 
/ 

i>        Q  r> 
l>        ^                 '               .  P* 

^  1 

.  ^  ' 

C. 

1  n 

90                            •  , 

•  2  • 

k.     5  r. 

✓  J. 

1'V 

«  ♦ 

e. 

*1.      V  s. 

17 

^ 

f. 

11 

m      19i      .  t 
III.      ' ^1                         <  . 

*13  °-       ,  ' 

g- 

12 

n      18  '       ^  ^  u 

0  > 

'15 

4. 

Discussion  should. 

include:    '  ^ 

a. ' 

.s 

Piston  moves 

up  on  compression  stroke 

1)  Air 

• 

is  trapped  in  the  cylinder  causing  pressure  to  rise 

2)       Pressure  rise  causes  high  temperature* 

* 

*  > 

Piston  reaches  top  dead  center 

1)  y  Fuel  is  injected  into  the  cylinder 

2)  Hot  compressed' air  ignites  the  fuel 

3)  jCqmbustion  occurs  . 

c,   ^Combustion  creates  energy  to  force  the  piston  down  on  thfe  power  strike 

*  * 

a.     Fij:st  stroke-Intake'' 


r 


1)  Piston  moves  down 

2)  Exhaust*  valve  closed 

3)  Intake  valve  open 
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second  /stroke-Compression  '  • 

1)  /    Piston  moves  up 

2)  /     Intake  and* exhaust  valve  closed 
Thira  stroke-Power  '(ignition) 

1ft       Piston  going  "down  * 
^)     '^Intake' and  exhaust  yalve  closed 
FotTrth  stroke-Exhaust     _  ^ 
/  1)'  ^    rPiston  moves  up  ^ 

2)  Intake  valve  closed 

3)  Exhaust  ^Ive  open,-  •  ^ 

[Four  stroke  cycle-Fires  every  other  time  piston  reaqhe?  top  dead  center 
Ywo  stroke  cycle-Fires  each  time  piston  reaches  fop  dead  ^center- 
Tyvo^cycie  L 

1)  ^  Produces  'a  power  stroke^  for  each  revolution  of  th^^ankshaft 

2)  TheoreticaHy  produces -twice  the  power  for  the  same  size'engine 

3)  .Smqcjther  ruryiing  as'  power  strokes  occur  at  shorter  intervals 
Four-cycle 

Heat\problem  js  less  due  to  each  cylinder  firing  half  as  often 


1) 

2) 
3) 
4) 

} 

i  e,  f  i, 

\ 


Does  not  use  engine  powqr  to  drive  a  blower  to  force  air  charge 
intc  the  cylin'^er  under  pressure  .         .j,       '  ^ 

Burned  gasses  are  completely  cleared  from  the  cylinder,  resulting 
in  more  power  per  ppwer  stroke 

Ekhaust  valves  or  ports  open  later  creating  some  gain  in  effective 
power 
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DIESEL  FUELS 
UNIT  II 


'  UNIT  OBJECTIVE-       -       /  .  ^ 

After  completion  of  this  unit,  the  student  sfioulcTfee  able  to  discuss  the  characteristics- 
of  high  cettfne  fuefs  and  arrange  jn  order  the  operating  principles  that  describe  the  diesel 
fuel  cpmbustion  cycle.  The  student  should  also  be  able  to  list  two  important  considerations 
c  :wHen  storing  diesel  fuel  and  select  the  methods  usea  to  protect  fuel  quality.  This  knowledge 
wHI  b^^^idenced  by  scoring* eighty-five  percent  on  the  unit  test. 

'•..->.■•      ■   ■  ^  .-  :  ■ 

SPECIFIC  OBJECTIVES 


After  completiorh  of'this  unit,  the  student  should  be  able  to: 

/I.       Match  terms  associated  with  dieset*  fuels  to  the  correct  definitions. 


.2. 

3. 
4. 
5. 


Arrange  in  order  the  operating  principles  that^  describe  the  diesel  f^jel 
combustion  cycle.  '  • 

Match  the  properties  of  dieSel  fuel  to  the  correct  definitions. 

List  crude  oil  "by-products.  •  .  "  ' 

"  Disciiss  tfie  characteristic^  of  Righ  cetane  fuels. 


6.  ^    'Name  two  grades  of  commercial  diesel  fuel  meeting  ASTM  standards. 

7\       Distinguish  between  the  cause  of  diesel  ignition  knock  and  the  cause  of 
gasoline  ignition  knock.  ^  -  ^ 

8.       List  three  most  likely  causes  of  black  smoke  from  a  diesel  exhaust., 

.>J;    ^  -  *   ^     ^.  •  ' 

'  List  two  most  likely  cauees  of  white  smoke  from  a  dr§sel  exhaust. 


10. 
11. 


List  two  important  considerations  when  storing  difesel  fuel. 
Select  the  methods  and  rules  used  to  project  fuel  quality. 


12.       Select  the  humber  of  feet  required .for^- safe  spacmg  of^dieset  fuel  storage 
•  tanks.  '  ' 
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DIESEL.  FUELS 
UNIT  II  ■ 


SUGGESJED  ACTIVITIES 

Instructor: 

A.    Provide  student  with  objective  sheet. 
b;    Provide  pttident  with  Fhform^tion  sheet. 

C.  Make  transparencies.  '  . 

D.  Discuss  unit  and  specific  objectives. 

E.  Discuss  infor.mation  sheets 

F.  Tak^  student  on  tour*  of  fuel  storage  facilities. 

G.  ^  Give  test. 

U.    Student:  © 

A.  -Read  objective  sheej. 

B.  Study  information  sheet.'  •      *  )t 

C.  _  Take  test. 


INSTRUCTIONAL  MATERIALS 


I.    Included  in  this  unit: 

A.  Objective  sheet 

B.  Infornnation  sheet 

C.  Transparency  masters 

.  .  ,        1.       TM  1--Diesel  Combustion  Qy^'^  ' 

2.  TM  2-ASTM  Liniiting  Requirefnents  Tor  Diesel  Fgels 

3.  TM  3--Safe  .Spacing  of  Storage  Tanks 
^  D.    Test  " 

E.    Answers  to  test' 


/ 
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M..  References:  >      '  ' 

A.  Toboldt,  Bill.  Diesel:  Fundamentals,  Service,  Repair,  South  Holland,  Illinois: 
Goodheart-WiUcox  Company,  1973.  *  ^  ' 

B.  Fundamentafs  of  Service:  Fuels,  Lubricants;  and  Coolants,  Mpline,-  Illinois: 
A  Deere  an^d  Company,  1970.  .  *  . 


dIesel  fu^l^  '  y  '  "  '    •  ) 

UNit  II        ^-  .  '        .        •     '  • 


INFORMATION  SHEET 


Terms  and  definitions 


A.  ^Grude  oil-  Mixture  of  hydrocarbons  in  natural  state 

B.  '  Hydix)C^rbons--Corn[)punds  consisting  of  hydrogen  and  carbon 

C.  ASTM--American  Society  of  Testing  MaterTals        ^  - 

0.  Volatilit^y  Ability  of  a  lic}uid  to  change  irfto  a  vapor  when  heated  .  ^ 

E.     No.  1  □  diesel  -fuel-  ASTM  classificdtion  of  volatile  fuel  oils  from  kerosene 

to  internYediate  distillates      '  Vi  -  ' 

,    .     •     .    '  '  '     tr  * 

F      No    2  D  diesei  fuel.- Class,  oj_cJistillate  gas- oils"  of  lower  volatility  than 
kerosene-  *  1 

Diesel  iuei  combustion  cycie  (Transparency  1)   ,   >    i  i  '      -  ^ 

A.     Air  yonly  enters  cylindec 

B      All  IS  com[)ressucI  v 
C      Fuel  IS  j\|)rdyecJ  into  conTbustion  chaniljer 

D.  Fuoi-dir  ignites,  from  iieat  of  comf)ression 

^  #  ✓ 
Prop()rties  of  fjifs^H  fuol  j^nd  definitions 

A     HeaY  valiifj  Amaunt  of  power  fuel  will  provide  when  burned 

-  •  '     '  ■'  V    .  - 

B'''  Spocifi/:  grdvity  Rdtio  of  defisiTy~~or. fuel  (oil)  to*  density  of  wa-ler 

C      ^jash  point  Oil  tenipcrdture  at  wfiich  flammaljle  vapor  driven  off  will  igniTe~ 
*^from  an  Of^en  flame 

D      Cetan^'  nuVi|jer--EdSe  wHfi  whic:h  the  fuel  will  ujnite  e^f)ressed  in  numbers 

(NOTE    Cornmercial  diesel  fuel  cetane  numbers  range  from  33  to  64\) 


B  Carlson*  rt-sidue  ^IVUiftter  l(*-ft  after  evaporation  and  chemical  decomposition 
F      Sulfur  cc^itent  Causes  corrosion  and  deposit  formations  m  an  engine 


G     A^sii  Unl)urndble  resiciue  in-tl]^  form  of  soluble-**netallic  soaps  and  aljrasive 
solids.  '  ,  • 
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H     Viscosity  Resistance  of  a  liquid  to  flow 
I.  -  Pour  point -Lowest  t^mp'eratur*e  at  which  fuef  ceases  to  flow 
\  IV.    Crude  oil  -by  products  (Transparency  2)  * 

(NOTE   These  l)V  products  are  listed  m  the  order  they  are  given  off.) 
^  A.    Ndtural  gas       '  *  ' 

"(NOTE  '  Tins  natural  gas  is  used  for  homes,  industry,  and  s6me  engines.) 

B.  HTljti  octanf?  avration  gas 

C.  A ulG motive  gasoline 
/     D     Finished  kerosene 

&      domestic  heating  oil 
F.     HvdroccH^t)on  qases 

■    /     '  . 

<'!\OTE^  These  raw  materials  are  used  in  the  manufacture  of:  high  octane 
gasoline,  synthetic  rubber  plastics,  paints  anQ  varnishes,  alcohols  and 
solvefV^,  exf)losives,  and  many  other  products.) 

G      Intijstfiai  fuel  (jTT  (cliesel  fuel)       .  ' 

H      Finisi^ed  lubricating  oils  ^ 

I      Wax  (paraffin) 

'  -  "A  • 

K    , CoKe      \ ^  .  %  . 

L.  ^  Aspfiall  .  * 
  S  ' 

(NOTE  As  crude  oil  js  refined,  approximately  44  pa-cent  is  gasoline,  36  percent 
"  y     ■      ^       'is  \v\v\  Oil,  cind  tlie  balance  is.  kerosene,**ttfbricants,\  and  .by-products.) 

V,    Cfiaractensiics  of  tngh -cpttjne  fuel  ^ 
^  A'    Pen^nts  enqifie  start  at  Jower^air  temperetures  '  '      •  . 

B      Prov-'idos  faster  enrjine  warm  uf\  ^        ^  ' 

^  ^  '      *     '  '  ^' 

C      Reduces  tf^e -rate  of  formation  .of^arnish  and  carbon  deposits 

^         •        ,.  \  ^ 

.  '  ■  '    t>  '  Elimintitf'S  coiniiustioii  1 0tJ(!|lne5T7O^- oaf bon' knock  '  -  * 
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VI.   'Commercial  diesel  fuels  Tieettng  ASTM  standards  (Transparency  3) 

A.  No.  1-D  ,  -         '  •  ■ 

B.  No.  2  D  •  ' 

VII.  ^-Causes  of  ignition 'knock 

\^A.    piesel--Due  *to  fuel  igniting  tao  slowly 
\     (NOTE.  .Diesel  fuel  must  burn  fast  ) 

bA    Gasolini&--Duje  to  fuel  burntng  too  fast  and  uneven  explo^ons 
\  (NOTE:  G^lme  rjpust  burn  evenly.)- 

VIII.  Causes  of -black  smoke  Ti^rn^a  diesel  exhaust 
,  A.     F?iuUy  fuel  injection 

B.     Overfueling       *  ^ 
.  C.     Restricted  air  ttxake'      •  ^  '  .  . 

IX.    Causes  of^vvhite  smoke  from  a  diesol  exhaust    ■  *  ^ 

A.  Urtbgrned  fuel 

B.  -  PartiaHy  bufned  fuel  .  .  " 
X.    Siorinq  diosel  fWilV' 

A.     Keep  fu'fel  free  of  dirt  and  water         •*         *  . 
^       B.  ^  Avoid  gum  deposits 

XI.    Methods  and  rQles  used  to  protect  fuel  quality        '  ^ 

-(NOTE    Tlie^J>;fel  injection  system  on  a  diesel  engine  is  fitted  with  parts  that 
Jare  held**v>thin  miliionths  of  an  tinch  cleardnce.  Very  fine  dirt  particles  soon 
rum  tbe  fkirts  ancLpaiisV  an  Expensive  repair  job.  Water,  even  extremely  small 
^    amounts,  causes  corrosion  which  rums  'the  highly  polished  sarfaces  of  the 
injectiorn'  system  components  )  -  ^ 

A.    bo  Ttot  let  water  collect  on  top  of  fuel  barrels  or  storage  tank 

/  .  '  ' '  V 

(NOTE.  Water  retained  on  the  tank  tends  to  rJsi  the  outside  of  the  drum 
^  '  \  and  as  fuel  is  drawn  from  the  tank,  water  may  be  drawn  through  the.^ir- 

vent  directly  into  your  fuel  supply'.) 
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B.  Do  not  use^an  open' container  4o  trans^r^fuel  fronn  the  storage  tank  to 
the  nnachine  ^nk    ^  /        '\  , 

(NOT^:  This-greatly  increases  the  chance  fof^(&f«  to  enter  trte*fdel  tank.;^ 
Equip  the  above'graund  Jank  with  a  pump  and  hose  or  a  gravity  hose  to' 
(  transfer''  fueL  Be/^re  *to'  cap  the-  end  oV  th^  hose  nozzle  while  the  hose 
IS  not  in.  use,)  ^   •  '  '    ^  . 

C.  Do  not  store  clie^el  fu^Mn  a  galvanized  tanl?'^ .  ' 

'-(NOTE:  When.diesel  fuel  is  stored  irr' a  galvanized  tanj<,  the  fueb  reacfs 
*     with  the  galvanized  finish,  causing  powdering  particles  to  form.  They  soon 
clog  the  fuel  filters  on  a  diesel  en^ina;^ Using  a  steel  tank  will  avoid  this.p 

D.  Do  not  use  a  tank  forrherly  used  for  gasoline  storage  ^  "  ' 


(NOTE;  Fine  rust  and^  dirt  particle^  that  settled  out  6t  gasoline^  and 
accumulated  on  the  bottom  of  the  tank  mix  readily  with  dies^el  fuel\and 
may  remain  suspended  iiijrr^'ntil  dr^wh  from  the  tank.)     V     •  _  v.  _ 

Do.  not  letMhe  suction  pipe  :to-thelfuel  pump  extenS  to  the  bottorrl.  of 
the*storage  tank  '  ,  ) 

(NOTE:  This  permifs  the  pump 'to  f>ick  *up  water  ancl,sedimept  that  h^s 
settled  out  of,  the  fuel.  The  end  of  tl"?e  pipe  should  be  3  to  4  inches  fropp 
the  bottom.  If  possible,  si^pe^the  tank ^.awav -from  the  pipe  or  outlet'valve,'^ ' 

Always  dram  the  storage  tank  before  refilling  and  clean^the  t^nk  regularly 

(NOTE:  This  will  prevent  >ti^ie  dirt  ar>d^water  residue  ftotri  rising  high  enough 
^awn 'out,  with  the  fuel,)^         •  .    •  o 


Safp*spa4^  of  fael  tanks  (Tr^ansparency  4) 


A. 
B. 


Forty' feet  frcJm  neacest  building  for  abpveground.  tanks^ 
,  One  foot 'from  nearesJ^building,  for  underground  tanks 
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1.  ^Air  Only  Enters  Cylinder 

2.  Air  is  Compressed 

>  3.    F«el  is  Sprayed  in  t". 
4.    Fuel  -Air  Ignites  from 
Heat  of  Com^fressjon 


Average 
.  Compression 
Ratio: 

16  to  1 


.  Diesel 


H 


20^ 


Spark  ^^H^ 


1.  Fuel-Air  are'  Mixed 
in  Carburetor 

2.  Mixture  Enters  Cylinder, 
and  is  Compressed  « 

3*    SpjiVk  Ignites  the    ,  ' 
Mixture       >  . 


:Fi|el-Air^ 
Mixture  \ 


Average 
Compression  J  ' 

Raiio:  '^^j*/  Gasoline 

(  f  *         *  c  * 

8  to  1  ' 


J*. 


ASTI\/I  Limitihg  Requirements  for  Qieset  Fuels 


Diesel 
Fuel 

*** 

Flash 
Point, 

""Jr. 

Pour 
Point, 

'P- 

• 

Water  and 
i  Sediment 
%vol. 

Carbon  < 
'Residue 
on  16% 
Residuum, 

% 

Ashf 

%  wt; 

*  > 

90%, 
Distilbtipn  ■ 
Jemperature, 

°F. 

"  Viscosity 

atlOOX  . 
CentistokeS' 

> 

* 

Sulfur 
%  wt. 

Copper 
Strip 
Con-osion 

CMane 
Number 

• 

Min. 

.Max. 

Max.  ^ 

*  Max. 

^  MIn.' 

Min. 

Max. 

Max. 

•  Max. 

Min. 

No.  I  D 

100  or 
legal 
125  or 
legal 

** 

* 

Trace 
0.05  - 

^0,15 
r  }  0.35 

o.o/ 

540*.* 

550 
640 

1.4- 
2.0** 

2.5 
4.3 

0.50 
•  0.50 

IMo.  S  . 
^  No.  i 

40 

40  ' 

90%  point  shall  be  ^fi/aived.  '  ■    '  •  \ 

*A  diesel  fuei^of  low  i/olatiliiV,  No,  4-6,  is  recommended  only  for  low-,and  medium-speed pngihes.  ' 


/ 
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Safe  Spacing  of  Storage  Tanks 

» 

Fill  Pipe 

ABOVEGROUND  ' 
TANK 


Filter 


Hose 


40  ft. 
Minimum 


t]  Vent  Pipe 
Air  Filter 


If9 


Building 


UNDERGROUND 
TANK 


ii  Minimum 
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Drain 
Cock 
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NAME 


2. 


'3. 


TEST 


r 


Match  the  terms  on  the  right  to  the  correct  definitions, 
a.  iVHxture  of  hydrocarbons  in  natural  state  1. 


b.  Compounds  consisting  "of  hydrogen  and 
carbon       .  /  ■ 


j_c.-,- American  Society  of  Testing  Materials 


.2, 
3. 
4. 
5. 
6. 


t^o.  2  D 
diesel  fuel-" 

ASTM 
•  Hydrocarbons 
-  Crude  oil 

Volatility  • 

No.  1  D 
»  diesel  fuel 


d.  ASTM  classification  of  volatile  fuel  oils 
from  kerosene  to  intermediate  distillates 

e.  Class  of  disiillate  gas  oils  of  lower 
volatility  4.han  kerosene' 

f  ^Ability  of  a  liquid  to-change  mto  a  vapor 
v\/hen  heated 


^Arrange  in  order  the  operating  principles  that  describe  the  diesel  fuel  combustion 
cycle,  ^    ^  ^  '  . 

a, 'Air  only  enters  cylmder-!.  '  ^ 


^b.  Fuel-^lr  ignites|from  heat  of  corrkpressiori. 
c.  Air  IS  compressed^  -  *  ^ 


d:  Fuel  is  sprayed  into  the  combustion  ^hamfeer 


Match  the  proportions  of  diesel  fuel  or  the  right  to  the  correct  definitions. 

Carbon  residue 


 a.  Amount  of  power  fueJiWiN  pfoviete  when 

burned  " 

\  b.  Ratio  of  density  of  .fuel  (oil)  to  density 

of  water  '  '  ' 

'    c.  Oil   temperature  , at  *  Vy/hich  flammable 
^      ^      'vapor  driven  off'will  ignite  from.an  open 
flame    '  ,  . 

'   d.  Ease    with    whith  Juet    will  ignite 


1. 
2. 

4. 


Viscosity 
Ash 

Pour -point 


,7 


'     ■    expressed  in  numbers 
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eft'  after    evaporation  and 
chemical  decomposition  . 

f.  Causes  corrpsion  and  deposit  formations 
In  ari  engiilfe  •  " 


g.rUnburnable  \residue  in. €  the  fornj  of" 
•  soluble  metallic  soaps  and  abrasive  solids 

*  -  • 

_h.  Resistance  of  ^  liquid  to^low 
i.   Lowest  temperature  at  which  fuel  ceases 


to  flow  \ 

0 

List  six  crude  oil  by-producfs. 


a. 


b. 


c. 


5. 

6, 

7. 
8. 

9. 


Heat  value . 

Specific 
,  gravity 

Flash  p^^int 

.  Sulfur 
content 

Cetane.  •  * 
number . 


f. 

Discuss  th*e  characteristics  of  high  cetane  fuels. 


Name' two  grades  of  commercial  diesel  fuel  ijiat  meet  A^TM  standards, 
a.  '         ■ '  ^      -  • 


Distinguish  between  thejcause  of  diesel  ignition  knock" and  the  cause  of  gasoline 
ignition  knock  by  placing  an  "X"  n^xt -to  the  cause  of»diesel  ignition  knock. 

^  ^a.  Due  to  fuel  burning. too  fast  and  uneven  explosions 

 b..  Due  to  fufil  igniting  tpo  slowly  - 


List  three  most  likely  causes  of  black  smoke  from,  a  diesel  "exhaust. 

a.  •  *  ' 

b.  '  '   ■  , 
e.       *  * 

'Lijt  two  most  likely  causes  of  \yhite  smoke  f»:om  a  diesel  exhaust, 
a.  ^  ,  .  N 

List  two  igiportant  considerations  wtien  storing  diesel  fuel. 

a.  .      ^  ^  J 

b.  *  ^  .     ^  ' 

Select  the  methods  and  rules  used  t^^rotect  fueU quality  by  placing  an  "X" 
in  the  appropriate  blanks.  '       ,  „ 

 ^a.  "Store.  fuel| in  a  galvanized  tank  ^ 

b.  Always  drain  the  storage  tank  before  refilling  .and  clean  the"  tank 
regularfy    .  ^  '  . 

'c.  Use  tahk  formerly  used  for  gasoline  when  needed  ^  " 


 d.  Do  not  let  the  suction  pipe  to  the  fuel  pump  extend  to  the  bottom 

of  the  storage  tank  ,  -  .  _ 

ts.  e.  Use  an  open  container  to  transfer  fuel  from  tank  to  machine  ^  ' 

f.   Do  not  let  watfer  collect  on  top  of  fuel  barrels,  or  storage  tanks. 


Select  the  number  of  feet.required'for  safe  spacing  of  stora^fc:anks  from  buildings 
by  placing  the  correct  number  in  the  appropriate  blanR^T 

a;  Ljnderground  tanks  ^•'^^^  ^  ^ 

2.  2  feet     f      ^  V 

3,  '   .  5  feet  ^    '      '  ' 


4.       30'  feet 


\,.  Aboveground  tanks        ^  5-       40  feet 

6.       50  feet 
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UNIT  II 


 ^ 

1. 

a. 

.  4  . 

•  d. 

6 

b. 

3  s. 

e. 

1- 

2  ^ 

R 

• 

a. 

1  • 

r 

■  b. 

.4 

«  < 

c. 

'  2 

* 

d. 

3 

3. 

a. 

5 

d. 

9' 

b. 

6 

• ,  e. 

1 

* 

* 

c'r 

7  . 

"    .  f. 

8 

ANSWER^  TO  TEST 


Any  six'  of  the  following: 

a.  Natural  g^ps 

b.  High  octane  avtatiorS  gas 

♦ 

c.  Automotive  gasoline 

d.  '  Finished  kerosene 

e.  DofTiestLC  heating  oil 
••f.     Hydroc^rbdp  gases 

g.  ,  liidustriar  fuel  oil  (diesel  fuel)" 

%- » 

.,h,--'-j^'pjL&4sh^    lubr*rcating  dTfs 

j.     jGas  oil 

k.  .  Coke 

I.  ■   Asph<ilt  ^ 
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5. 


'  ill.  * 


;•  ■  1 


6: 

7. 
8. 


10. 
12. 


Discussion  should  include: 

a.  Permits  engine  start  at.  lower,  air  temperatures 

b.  Provides  faster  engine  'warm-up 


Reduces  the  l(^ate^of  formation  of-varnish  and  carbon  deposits 
Ehm/nates  combustioVi  roifghness  or  carbon  knock 


No.  1-D 

b.  No.  2'D 
b 

a.  Fauitu  fuel  injection 

b.  Overfuelrng 

c.  Restricted*  air  intake* 

a.  Unburned  fuel 

b.  Partiaify  buriied  fuel 

a.  Keep  fuel  free  of  c^ft  and  water 

b.  Avoid  gum  deposits  ^ 
b,  d.  f 

a.  ~  1 

b.  5- 


)  ■ 


FRir 
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ENGINE  LUBRICANTS. 
UNIT  III 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  abl&  to  list  fu'ftfetions  of  engine  oils 
-and  match  oih^dditives  to  their  functions.  The  student  should  also  be,-able  to  name  oil 
.contaminants  and  discuss  ways  to  avoid  oil  contamination.  This  knowledge  will  be 
evidenced       scoring  eighty-five  percent  on  the  unit  test.       .  .  \ 


'SBECIFIO  OBJECTIVES 
Aft«r  completion  of  this  unit,  the  studfent  shoufy  be  able  to^ 


'  1. 

2. 
-3. 

4. 

5.' 

6. 

7. 

8. 

9. 
10. 
11. 


Name^five'** 


Match  terjTis  associated  with  lubricants  to  the  correct 

>  \ 

List  four  functions  of  engine  oil.  ' 

Select  the  .char^ctfiristjcs.of*  a  .goed  engine  oij. 

Discuss  oil  ratings  and^  classifications. 

Explain  the  SAE  viscosity  number. 

*  • 
Explain  the^PI  classification  system. 

contaminants. 

Match  oil  additives  to  their  functions. 

Select  factual  statements  about  oil.         ^  •     «  >  ' 

List  general  rules  for  selection  and  use  of  oils. for  best  engine  performance. 

-  —        >-  ■  .  _ 

Discuss  ways  to  avoid  oil  contamination.  *  ^ 
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SUGGESTED  ACTIVITIES 

1.    Instructor;  '  j 

A.  Provide  student  with  objective  sheet.     -  ^  ^ 

B.  Provide  student  with  information  sheet. 

C.  Make  transparency.- 
'D.    Discuss  unit  and  specific  objectives. 

*   E.     Discuss  information  sheet. 

>  F.     Invite  speakers  from  industry  to  talk  on  lubricants. 
*G.    Give  test.  ^ 
'  Studentr       -  .  -    -  - 
Read  objective. sheet. 
B.    Study  inforrnation  sheet*. 
;  C.    take  test. 


INSTRUCTIONAL  MATERIALS 


I.    Included  in  this  unit: 

A.  Objective  sheet  \ 

B.  Information  sheet 

e.  'Transparency  masters^ 

%1.       TM  1-;SAE  Viscpsity  .  - 

2.       TM  2-SAE  Viscosity  (Continued) 


i)'.~Test 
E.  Answ 


-Funaamenl 


II.'  F{eierence.-FuWamentals  of  Servicff:  Fuels,  Lubricants,  and  Coolants.  Moline, 
^    Illinois:  Deere ""^rfd  Company,  197-0.      '         .  • 
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EMGINE  LUBRICANTS 
""unit  III 


INFORMATJCJtJ  SHEET 


Terms  and  definitions  —  •  - 

A.  Additives-Certain  properties  added  to  oil  tb  provide  extra  performance 

B.  Multt  grade  oil  Oils  compounded  to  behave  as  lightbils  at  cold  temTperatures 
and  heavy  oils  at  warm^  tem'peratures  ,  ,  ^ 

C.  SAE-  Society  of  Adtomotiv^jg^hgineers 


D.    .API  -^erican  Petroleum  Institute  ^ 


E  MIL  Dil  specificafions  prepared  by  the  Ordnance  Department  of  the 
Mihtary  Forces  t--" 

F      ASTM-  American  Society  for  Testing  Materials         ^         -  ^ 

G    ^ Viscosity--A  measure  of  the  fluidity  of  an  bil  at  a  given  temperature 

H.  Viscometer  Instrument  ^^jsed  to  measure  the  length  of  time  in  seconds 
rociui^od  for  a  spodfiod  volume  of  oil  to  flow  through  a  small  orifice  when 
tiie  oil  ts  brought  to  a  Sfoecified  temperature 

Functions  of  engine  oif  •  -"^  "  . 

A      Reducos  frictior;  and  wear 

B.  -  pools  moving /arts  *  , 

C      Helps  s^)^l  cylinders  ' 
D     Keeps  parts\jean 
Charaateristics  of.  gpod  ifxjine  oil 


A     Keeps  a  protective"  filrp  on 'moving  parts 

B.  "Resists  breakdown  at  high  "temperatures 

C.  "JRFsists  corrosion  "Cihd  rusting^  ^ 

D.  Prevents  carbon  build-up  .  '    -       '  ,  ^ 

E.  Prevents  sludge  forination     •  ,  , 
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F  Flaws  easily  dl  low  temp(?ratures  ; 

G.  Resists  foaming 

H.  Resists  breakdown  after  long  use 
iV^  Oil  raiinc^s  anci  cidsslfication  •  '     ,  ' 

A.  .SAE  Viscosity'established  by  Society  of  Automotive  Engineers. 

B  API  Service  classiXcation  established  by  American  Petroleum  Institute 


3y^0^r 


C     MIL  Specifications  prepared  by  O/dnance  Department  of  the^U.S.  Army;  \  - 

Navy,  and  Air  Force 


P     ASTM  Engtne  sequence   tests  whose^  procedures  are  adopted  by  the 
,  Amerrcan  Society  for  Testing  Materials 

V  .SAE  VfScosity  number  (Trarlsparency  t)  ' 

A     0  is  vary  m  viscosity  as  terrlperatures  change 

(NOTE  Oil  t)ec(>tnes  iTiort^  fluid  as  temperatures  increase  and  less  fluid  as 
temf)erature's*decrease.) 

B      Lighter  oils  for  winter  use  are  S[:iecified  at  0°F  and  carry  a  5w,  lOw  or 

20w  sylT^bol  ^  '  . 

i 

(NOTE  Specifications  are  detormmed  ^by  time-  of  flow  throug*"l>  an 
instrument,  such  as  a  Saybolt  viscometer,  in^  seconds.) 

C      Heavier  oils  are  spc^cified  at  210°F  and  carry  a  20,  30,40,  or  50  viscosity 

nutTit)Or]  p 

(NOTE    Comf^ounded  oils  called  multi  grade  behave- aslight  oils  in  cold 
tempurdtures  anci  heavier  oils  at  high  temperatures,  f^r  example  IOw-40  can 
*   r(-p1cK'e  four  single  grade  "oils.)  i   .  . 

VI  API  clas^ificjtion  system         ^  '  ^         '  ^'  ^ 

A     Joint  Xffort  of  API,  ASTM,  and  SAE  organizations  * 

B     Attcni[jt^  to  clarify  oil  specifications  and  oil,  qualities  between  ttie  engine 
manufacturer,  ahe  petroleum  tndustry,  and  the  customer 

VII.    Oil  contarnin^mts  .  ^        '^'^  v 

A.     Fqr^ign  parttCles 

B  Water  ,       •  ^  '  1^ 

C.  Anlifrcfve  '  ^^2  7  2 
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D.  •  Fuel  ... 

E.  Oxi^jg^iion 

VIII.    Oil  additives  jrYcl  their  functions  '  •  * 

(NOTE-  Most  oils  already  have  these  additivbs ). 

A.  Anti  corro'sion  Hrl[>s  [)revent  fdilure  of  ajloy  bearings  from  corrosive^acids 
caused  by  combustion       "  ^"        -  .  ^  \ 

B.  Oxidation  inhihitor  Prevents  acid,  varnjsh,  and  sludge  formations 

^„ 

(NOT^   Oxidation  causes  oi!  to  thicken)  t 
^  .  C.     Anti-rust  Preven^rustMUj  of  metal  f)arts  durinq  storatfe  or  ^j^ntmie 
D    ^Viscositv  irulex  ifTipu)ver^  H-ips  od  (jive  Uj\)  lubr!C<Uiny  fKotectioii  at  both 


E      Pour  pent  depressjtit  Prevents  v.ax  crystals  from '.congcdiing  in  cold  weather 
and  forming  cTumps  ,  ' 

F      Extreme   pressurr  Assui-*s  lu^JMcdtJCHi  .wfi.er^'  nxtrenu^  f)ressures  between 
C'ose  tolerances  are  encoontered  .-^  - 

<j  .    Detergent  dt^[)ers:int'  H^Jps  ntPtal  surfaces  clean  aiKl  prevents  de()osit 

■•  H.     Foam  innil)itu(  hlflps  ()r.",.nit  d"  hubblesNA/hich  would  restrict  lubncdtiors 
^       ^*        .  ■'■     '  ■■■  *  ( 

(NOTE    Fast  circ.viiation,  c^ajse^s^  oil  to  lodrn  ) 

IX.  .  Factual  statements  jbout  oii  *^ 

A      Oi!  J^#'{,(;mes  uf^^^,fe=^r  f  jr trier  use  4i>  U  absorbs  contar7iinarits  and  dSddditives 


^  at,e)d(,'pUnL'd. 

B.  Multi  viscosity  oils  cir^^  no;  dlwavs  preferred 

C.  Black  oil  do^^s  nut  mecjn  tin>^'  ^^^[^  ^^'^  oil'- cfr^nge  ;  ' 
D  Buy  (ju<jMty  (^iMiltor s' dS  recommendf^d  b/*rndchitu;  (jp''r<itj;)r 's  nidnual 
E»  Oil  oxid^ilion-  resd'ts  in  tl'nckeV  oM 
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.  F."    Using  "a  light  oil  unM  consumption  increases,  and  then  switching  jo  d  lieavier, 
oil,  1^  not'a  good  practice  ^    *  ' 

.G.    FoHowin^j'  operator's  manyal  recommendations  is.  critical  to  insure  good 
performaOGfiAA 


X,    Selection  and, use  of  pifs  tor  iiest  engine  performance  ' 
_     A.    Use  brands  which  meet  erhgine*  manufacturer's  ^specifications 
Br    Drain  and  change. at  recor;T)mended  intervals 

.  ■*  '         '  ) 

C.    Select"  oijs  which  have  be^n  performance  tested- 


D.  -Never  mix  oils  o-f  various  MIL  specificatf6hs 


t.     Bring  engine  up  \^  normji  operjtmg  temperature  odch  tinie  it  is  useci 

Keep  oil  containers  co^pred  seaied/and  protecte'd  to  prevent  contamination 

XI.    Ways  t9  avoid  oil  contamination*  -r^'''^  "    ,  '* 

Dram  oi!  at  recofnmended  intervals  * 

,  v  \  •    '  '  '  ■ 

B.     Use  clean  oil  containers  ahd  work  habits 
©  *  ■  _ 

Z.     Replace  ot  .clean  filters  before  rhey  become  plugged  J 
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SAE  Viscosity 

••     .    \                .                                     .  . 

SAE  CRANKCASE  OiLtLASSIFICATIOJvj 

/ .  SAE 

Viscosity 
Number 

'ft'                                             »  # 

Time  of  Flow  Through  Saybolt 
Viscometer  in  Seconds 

at  0°F. 

at210°F. 

Min. 

Max. 

Min., 

Max.  - 

 f  I^TVt  

low 

< 

20  ' 
.    30  '  i 
40 
50 

— ''■^^ — - — ^. — '■ '  - — 

^      6,000  • 
(Note  A) 

.ii,ooo  •  . 

-  (Note  B) 

1  6:000-  ^ .. 

less  than 
•  12,000. 
^  48,000 

45 

58^ 
70 
.85 

(  %  

^^^^  *l 

% 

viess  than  58' 
less  than  70 
less  than  85  ' 

.  110  .v. 

NSteA.  MinimuTnviscosityat.OTrhay  be  waived  provided 
seconds,  Saybolt  Universal.    .  " 

Note  B.  Minimum  viscpsity  at  0°P  may  be  waived  provid( 
seconds,  Saybolt  Universal.  ^ 

"  '  —  —  L-.  ^  _^  . 

'    •            *  * 

viscosity  at  21(rF  is  not  bfejow40 
36  viscosity  at  210T  is  below  46 

—  i  '  '-^ — ' — V 

(  . 


SAE  Viscosity 

(Continued)  . 


Kineoiatic 
Viscometer 


;  A  Multi-Viscosity  Oil  Can  Repface  Several 
Single-Viscosity  Oils  (When  Recomnrended) 
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UNIT  lli 


TEST 


NAI^fE 


Match  the  term's  on.  the  right  to  the  correct  definitions. 

1. 


_a.  Certain    properties   added    to   oil  to 
p.rpvide  extra,  performance    .     *  • 

_b.  Oils  compounded  to  behave  as  Ught  oils 
at  .cold  temperatures  and  heavy  oils  at 
.  warm  ternperatyres  *•  - 

^c.  Society  of  Ak(tomotive  Engineers 

_d.  American  Petroleum  Institute      *  - 

e.  Oil  specrfications  prepared  by  .  the 
Ordnance  Department  ,of  the^  Mjlitary 
Forces 

^f-.   American  Society  -for  Testing  Materials 

g.  A  measure?  of  the  fluidity  of  an  oil  at 
a  given  temperature  ?^ 

_h.  Instrument  used  to  measure  the  length 
'  of   Utrip*  m'  seconds   recjuired   for  a 
specified  volume  of  oil  to  flow  through 
•  ^  a  small  orifice  when  the  oil  is  brought 
Jio  a  'Specified  temperature  , 


List  four  functions  of  engine  oil. 


a. 


2. 
3. 


SA^^ 

Viscosity 
API 


4.^^IL 


5. 
6,. 
7. 

8. 


Viscometer 

*  ASTivi"' 

iVIulti-grade 
'  oil  • 

Additives 


b. 


'41- 


Select  ,tf^  Statements  vvhich  describe  a  charac'teristici  of  a.gopd  engine*  oil  by 
pladmg^ah  "X"  in  the  appropriate  blanks!       *  ^ 

 a.   Keeps  a  protective  film  on  'moving  par^s 

 b.  Resists  breakdown  at  high  tempqj-^tures 


j^c.   Resists  corrosion  and  /ustmg. 

.    I     ■     :    •  ' 
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•  4 


4. 


\ 


d.  Prevents  carbon  build-up 

e.  Prevents  sludge  formation  J' 
f/^lows  easily  at*  low  temperatures 


^  g.  Flows  easity  at. .High  temperature 

 h.  Resists ' fiamipg      .    *  ^  • 


i.    Resists  t^reakdown  after  long-  use 


Disoiss^  oil  xatipgs  and  classificationV.  . 
a.     SAE-  '     •    .  " 


b.  API- 


c-  MIL- 


d.'-  ASiM" 


t 


5.       Explain  the  SAE  visct)sity  .nunriber.  * 


4i 


6:   ^    Explain  the  API  classification  syst§nri. 


ERIC: 


V 


rr 


-Name  five  oil  contaminants. 

a.  <^  -  ■  ^ 

b.  ^  .  * 

c.  ' 


e.      .  .  . 

Match  .the  oil  e'ddttives  on"  the  right  to  the'ir  functions^ 

1. 

2. 

^  3 

'  5. 


a.  Helps  prevent  fai-iyre  of  alloy  bearings 
from  '  corrosive  aoids  caused  tJy 
combustion' 

^b.  'Prevents    acid,    )?arnish,    and  sludge 
formations        /    '  ' 

c  Prevents^^rustmg  of  metal  parts  duriqg 
stbrage,  or  downticne 

^o.  Helps  oil  give  top  lubricating  projtectio>t 
at  both  l^tgh^r^ci'  low  *temperatuj;ei^ 
»   . 

^^Q/' Prevents  *wax  crystals  frprw  coogeat^r"^  m 
cold  w,edth^f^  and  forming  clumps    ~  ^ 

Assures  lubrication  whereH^  extr.(?me 
pressures  between  .-close  tolerances  are 
>encountefecf'         ■  r 


-  7. 


Anti-r^S't 

Oxidation 
ifihtbitor 

Anti  corrosion 

Viscosity  index 
improver 

Pour  pomt 
depressant  -  : 

'  / 

Extreme 

.pressure  **; 

(  > 

? 

Foam  , 
inhibitor 

Detergenjt- 
disper.sant 


9. 


4f 


^  ^(jT^elps  keep  ^metal  surfaces'  clean  and  "  »  > 

.jr-  prevents  djt»j)OSit  formatlori  -  '  . 

'  i  h.;  Helps^ 'prevent  ^ir  bubble^  which 'would .  ;       '  ^ 

restrict  lubrication  ;^  ^      •  •     '         ^       •  * 

Select  the  .factual  Statements,  about' oil  by -placing  an  i'X"  in  the  approfJnate 
blanks.  '  .      *  *    •        ^  '  * 

a.  Oil  becomes  unfit  ft)r^  further  yse  as  it  absofbs  contamm^ts  and  as 


/ 


nSv       additives  are  depfetell.'  '  ^ 

 ^b.  Multi-viscosity  oils  arc  not  akvays.  preferrec^  * 

 c*.  Black  Oil  does  not  mean  tim^e  .for  an  '<>il  change 


•74-B  ' 


_d.  Buy  quality  oil  filters  as  recommended  by  machine  operators  Manual 
e.  Oil  oxidation  results  in  thicker  oil  . 

ses/^d  t\}Jn 


f.  Using  a  light  oil  until  consumption  increases, 
a  heavier  oil,  is  not  a  good  practice  » 


switching  to 


'   9-  Fot lowing  operator's  manual  recommendations  is  critical  to  insure  good 
performance  .  '  ,  ,  . 

,10.       List  five  general  rules  for  selection  aad  use  of  oils  for  best  engine  performance. 


c.  ^ 
«  ■  -  d.  . 

11.   ,    Discuss  ways  to  avoid  dil  contamination. 


I'- 


yc 


X 
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7  ENGINE  LUBRICANTS  ' 

'  UNIT  HT       ■,  V 


ANSWERS! TO  TEST 


a.  ■  8-  •         e.   '  4 

b.  .  7  f.     6  * 

c.  .  1         ■  g.    2  ^ 

d.  3  J   '  '     ■  h.  5 
^.     Reduces  friction'  and  wqar 

b.  '   t;ools  moving  parts  \ 

c.  Helps  seal  cylinders 

d.  Keep  parts  clean 
a,  b,  c,  d,  e,  f^'i 
Discussion  should  include' 

a.  SAE -Viscosity  established  by.  Society  of  Automotive- Engineers 

b.  API  Service  xiassifrcation  estatsl-ishecj  l)y  American  ?etfok?um  Institjti'' 

.c.  ,  Ml  L--S^pecifications  prepared  byPi'dnance  Department  of  ^  S  Anwvl  Ndvy, 

and  Air  Ford'e.  '  /  .   •  v«     #        '  *  -  / 

•       *  "  /    '  ...  ,   ^  '/ 

d      ASTM  E'rKjine   seijuence*  tests  \v\\o^''  })rofrofiufcs  <ire  ^  adopted  by    the  / 

A'mencan  Society  foY  Testif^j  Mat£rial9  *  v 

J 

Explanation  should  include 


tenaia 


a.  .  Oils  vrfry  \n  visc^osity  ^as  temf)erattjres  change 

b:     Lighter,  oils  for*>vinter  use  are  specified*  at' O'^F  and  carry  a  5vv,  jfOw  or 
^?Ow'syjmbol    .      ■        *  '  ^    f         '*  \ 

c.   '.Heavier  oils  are  sf^ecified  at  210'F  and  carry  a  20,  30,  40,  or  ^0  vtsfosa/J 
^   number  ,  .       •  ^        '  < 

^kpfanation  should  •fiClucrG':      '  ^  ^    ^ ^ 

a.  Joint  ef-foft'of  API,  ASTM,  and  SAE  . 

b.  Atte-mpts^to  clarify  dit  Sf)ecifications  and  oil  qualities yoetween  tiu^  ^u^/ime ^ 
manufactur^fir,  petroleum  industry,  and  the  customer/ 


a.  ForeigrY  particles^ 

b.  Water 
Ci-m.  Antifreeze 
d.  '  Fuel 

Oxidation 
a.  ' 

i>  -    2  ' 

c.  1  ^ 

d.  4'    .   "  . 


/ 


~e"., 
f. 

■9- 
h.  7 


5 
6 


a,  b,  c,  d,  e,  f,  ,g.  ' 
Any  five  of  the  following: 


a,    ,Use  brands  which  meet  engine  manufacturer's  specifi'cations 


{ 


br    Drain,  and  change  at  recommended  inteTvalsj^ 
c./   Select  oils  whicti  have  t>een  performance  tested  ^ 


dl     Nevor^m*x  otIs.  of  various  Ml    specifications  .   .         ^^^^  '/ 

/  ■    ...       ■■•■.,„"    '       .     '  . 

e.     Bring  engine  u^  to  norn^l  of^erating  temperature  e^ch  time  it  is  lised 


f.  Keep  Qil  qontainers  covered,  seajed,  and'f^rbtro^d  to  prevent 
Discussion  should  .include' any  two  Of,  the  following:^ 

a.  Drair\  oil  at  reconrimended  mtervals 

b.  ,Use  clebfi  oil  containers  and  work^habUs 

•  "  f  '* 

c.  Replace  or  clean  fHters^before  they  becdm^  pluggi 


amination 


\  f 


? 
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COOLANTS 
UNIT  I.V 


UNIT.  OBJECTIVE 


After  completion  oi  tNs  unit,  the  student  "sfjou Id  be  able  to  list  the  ^dvSntages  and./ 
disadvantages  of  v\^ater  as  a 'coolant.  He  shprfld  also  be  able  to  discuss  the  requiremer^is 
^  agood  antifreeze  and  list  the  preventive-maintenance  procedures  to  jojloyv  in  ^maintaining 
.a  cooling  Vstem.  This  knowledge  wiU  be  evidenced  by  scoring  eighty-five^percent  'on  the 

  ^  ' 


unit  test. 


4t 
f 


SPECIFfC  OBJECTIVES 


^fter  completion  of  t^^nit/the  student-  should 

1.  ^  '^'^  " 


2. 

*  ?.:f-<. 


5. 
6. 
7. 
8. 
9. 


able,  to:'  ' 

Match  te^s  ass6ciated_wilh  cooling  systemsi^^^e. correct  definitions. 
Name  tvyo  types  ^of  coofirtgusysterns  Ijsed  ot\  modern  engines. 


"Match^he  parts  of  a  liquid  coojlmg  systeml  to  the  correct  functionsr. 


List  advantages  of  ^-water  as  aJtoolant^ 


List  disadvantages  of;  water  as  a 


^Qolant.  \ 


List  requirements      a  good  antifreeze. 
fVame  nwo  types  "pfia/itifreeze  xjsed  mo^t  in  modern  en giii^s. 

—  *  •      V  '        <  .  • 

Match- the  coolant 'tq  the  ternpSrature  at  which 'it  boils.  ,  .  • 

'  List^  preventive  Tfiaintenance  prpi^edures  tOvfollSw  in  maintaiodng  a  cooling* 
system.  .  • 


COOLANTS 
UNIT  IV  . 


SUGGESTED  ACTIVITIES 


Instfuctor:  ^  v 

A.  Provide  stydent  with-^bjefctive-^baeU-  — - 

B.  Provide  student  vvith  inforrrialiun  sfreet.  ■  "  *     '  « 

C.  Make  transparency: "  r 
Discuss  unit  ^d  specific  objectives. 

E.  Discuss  information  sheet.    -  ■  -  - 

;       /     V  •  ^ 

F,  Derponstrate  and  discuss  the  procedures  for  measuring  the  antifreeze  in^a 
cooling  System.  *  . 


G.  Oiscuss  cooling  system  co,nditidners.  ^• 

H.  Give  test.  '  *  '  ■ 
Student:            *  ^ 

A.  _JELe^d  objective  shfeet.^ 

B.  StutiY-  inforrnation  ^^et. 

C.  *Take  test.      *:  '.- 


I^^TP  UCirw^  A  LS 


Included  in  this  unit:  . /  * 

A.  Objective  sheet 

.  i 

B.  Information  sheet 


C.    Transparency^  rrtaster; -,T^  1--Parts -of  .a  Liqciid  Cpoling  |ystem^ 
-£  Answers  to  test »  .  '   '      *   Ir  V-    *  '         .       ^  \ 


Heierence--Funyamentdls^qf  Sj^rv/ce:  Fuels, ^  Lubncahts,  and  Coolants?  MoWne, 
IHmoi^:  Deere  ind  Coj,  1970/.  ^'  .        '   '  _ 


.     .    -  L    •  D 

.  .     -  COOLANTS 
,       •        '     UNIT  IV  '  • 

'  INFORMATION  SHe"'eT    .  ' 


I.    Terms  and  dofmitions 


A.  Inhibitor  Mdteridl  used  m  cooldrfts  to  lesti^ict  or  prevent.corrosion  of  metal 
parts'  .   '  . 

B.  Antifreeze-  Material  added  to  coolaat  to  prevent  freezing  •  c 

C.  ,^    Coolant  Liquid  that  absorbs  and  trdnsfers"  fieat  tq  maintain  normal  engine' 

operating  temperature  f 

D  ^  Permanent  antifreeze  Lic^uid  solution  which  cpntains  properties  that  wiil 
^  ,  inot  feadi'y  boi! ^way     ,  *  ^  ^  ^ 

.    Type^Nof  cooling  ^svstema  used  on^  modern  enq.r^(»s 
■A.     Air       •;  * 

Parts^of  a  liquid" cooJint)  system  cjnd  their  functions  TTransparency  1) 

A     /Rifiiator  Reltvises  ht'jt  to  JtfTUjbpfuTt,',  reservoir  far  .enough  liquid  Cooldi 
to  operate  ejigine  , 

^'  6-.     Expansion  tanfc' Separate '  tank   m  cooling  system  that  allows  for  heat 
exnarision  of  cc>()lant'      «    »  .  . 

C      Pres'>ure  cap  R^'Ikv^-'x  p>f'ssijre  from  4oo  much  heat,  lets  tn  air  pressure  as 
liquVd  -QogJ^-*      _  •  '  . 


4 


(NOTE  A_pr'^ssun/pd  cooimq  sysrem  rdises  the  \y)\\\\\^  tem[)er jtures'of 
coolants  about  2   ^c/r  ejch  pound  of  pressure.)         ^  ^ 

D      Fdn  Forces  cooiinq  air  through  rdfiiator  core  to^r^oce  quickly  dissipate  f>eat 

^Fdn  [)elt  TrtiMbrnits  pow^'r  f ror^^^enfjirt(;,^crdf)}*  shdf^  firive  fan  and  water 
'pump  *   '         . .  >  0  ^  ^ 

.F.     Water  pu47ip  Circuldte^s  crjfjl^nr  throfjqh  the  sysK'm  '  . 

G      ^herrT>osr^'ir  Controls  the  , flow  of  coolant  j(/ r<uj!<j'tor  to  mairltam  correct' 
oppratinq  t^rrTppratures  J 

u         '     '  '  I 

H     Hos»^s  Flexihta  connections  between  Ingme  a#d  ©th^r  «pa^r^s  of  coolmg 
syst^nn     '  *    •  « 
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^  hMFORMATlJ^^  SHEET  ^ 

I.     Coolant -Median  vvtiich  carries  away  excess  heat  fronn  engine  • 
•       ^  S     Cuolant- filter -Used  in  some  engines  to  $often  the  water  and  remove  dirt 
Advantages  of  water  as  a  coolant     ^  t  '  '  r 

A.  M^lentiful  and  cheap  •  ' 


B  •  Absorbs  h'eat  well 
» 

C.  Circulates  freely  ^ 

D.  Harmless  to  handle, 

V.  , Qib'advantaqes  of  water  as  a 'coolant 

A  VVil'  fr^ea;  a;  32T  ^  ^ 
B.     Can  corrode  metfi  paVts- ' 


•  C,     Can  leave  d^oosits 

'  D   rWiii  evaporate 


Vi  .  ♦  Re4i^>«7TTrents  of  a  good  antifreeze 
A    'Prevents  freezing 
B.     inhit)its  'riisl  and  corrosion  * 
C     Cher]5ically  stable 

•  -  ■  '     ■  \  • 

'D.  Nonconductor  of  electrtcKy 

Ef  Flows  readily  at  all  temperatures  ' 

F  Conducts  heat  readily 

*  G.  Resists  foa.m(ng      /  ^      .   ■     .  • 

V|l.    Types  of  ant^frecz^  used  mo$t  in"*1tioderla  engines* 

A  Alcohol  base    .     /  . 

B.  ^  Eti^ylene  glycol  base  •         '  - 


INFORMATION  SH£ET 
Boiling  temperature  of 'coolants 

'      '      •  ■        '  .     r  : 

A.  Alcohol  base  antifreeze-ISO^'F  '  ^- 

B.  Water  21 2'F      ^    ,  -      _  . 

C.  'Ethylene  glycpl  base  ant^free2e-i23''F  ? 
Preventive  rpaintenance  procedure's     "  '  . 
A,     Inspect  for  system  cfeierferation    ,    *  ^  • 

(NOTE:  Pressure 'test  the  cooling  system.) 

'  ^  '  •  >\  .  '  .  . 

(CAUTION:  Do  not  exceed  pressure  cap  Irn^^ts.)  ^  ^  ♦ 

B     P^e^em  corrosion  .and  d^oosits    '  ^ 
C,     Flush  andVJean  system  periodicaffy  y 

P'*'    Lubricate  water  pump  ap&  fan,  as  required  ^  -       .  . 

E      Allow  a  hot  engine  to  telle  a  few  mmutss  befo/e  shutting  it  tiown 
•     '  »  •       #  t .  f 

.  (NOTE    Idle  speed'^aHows  temperatures  of- parfs  to  eguali/e  and. pr^ents 
after  bpiis  of.cooiant  )  .  -  .  °       ^     *  * 

F     Chock  oooicint       recommended  in  operator'4  f^^nifal 


'  -J  ^  * 


Engine 
WaterrJacket 


Paris  of  a  Liquid  Codlinti  System 


Thermostat 


Pressure-Gapr 


=  Air  Flow 


Coolant 


Water  Pump 


Radiator 
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NAME. 


-TEST  . 


D 


6. 


Match  the  terms  'on  the  right  to  the  correct  definittons. 


^a.  Material  used  in  coolants  to' restrict  or 


prevent  corr^^pn  of  metal  parts 


A 


^b.  Material  added  to  coolant  to  .  prevent 
freezing  .  • 

c?  Liquid  that  absorbs  and  transfers  heat  tg . 
maintaih  normal*  engihe  operating*, 
temperature.  / 

^d.  l^iqujd      solution      which  \^  contains 
properties  that  will  not  readily/boil  away 


1. 

■  2. 
.3. 
4. 


Permanent 
antifreeze 

Antifreeze 

Coolant 

Inhibitor 


Name  two  ty^es  of  cooling 
a. 
b. 


used  on  rppdern  engines.  * 


Match  the  parts  of  .ajiquid  cooling  sy^m  <>n  the  rjght  to  the  correct  functions. 

1/ 

2i 


J,  Releases  heat  to  atmosphere;  reservoir/ 
for  enough  liquid  coolant/ tp  operate 
engine  '  -     ^  ''^ 


Thermo^fat** ' 


_b.  Separate  tank  ' in  ^cooling  system  that 
^    allows  for  heat  expansion  of  coolant 

_c.  Relieves  pressure  from  too /much  heat; 
lets  in  air  fyessure  .as' liquid  codls 

_d.  Forces  -cooling  air  through  radiator  core 
to  more*  quickly  dissipate  heat 

^  Circulates  cqolaot- through  the  §ystem  ' 

T.  Transmits  power  from  engine  cr^':nkshaft/ 
to  driye  fan  and  water  pump  '  \y 


,.-5V.. 
6. 


'  Pressure  cap 
V  Fan  5 


Radiator 
Coolant 
Fan  belt 


J 


4 

V 


/  J' 


-.J 


/ 


^g.  Controls  the  flow  of  coolant 'to  facliatoT 
'    to  ^'mairvtain. '  ^correct  operating 
temperatures 


_^  h.  FlexlJole  connections  between  engine  and 

other,parts  o/-^cpoling  system 

 i.  IVledian  whrch  cafries  away  excess -heat 

,      from  engi,ne 


J.   Used  in  some  engines  to  soften  the  water 
.  and  remove  djrt  '  ■  • 


4.^     *  List  three  advantages  qf  water-as  a  coolant. 


■  7.       Water  pump'"*' 

•  8.  ■  Hoses 
9.       Coolant  filter 
10.       Expansion  tank 


a. 


c. 


List  three  disadvantages  erf  water  as  a  coolant.. 


a. 


6.       List  five  requtfements  of  a  good  antifreeze. 


V 


4 

4 

\ 


^  1 
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Name  fwo  types  of" antrfreeze"  usecTmost  m  modern  •engines, 
a.  . 


Match  the  coolant  on  the  right  to  the  temperature  at.  which  Jt  ^taoiis.,^ 


_a.  223°F 
_b.  180°F 
c.  212°F 


Alcohol  base  antifreeze 

Waten  ' 

Ethylene  glycol 
base  antifreeze  ^ 


List 'four  preventive  maintenance  procedures  to  follow  in  maintaining  ^cooli 
system.  • 


UNIT  'IV 


ANSWERS  TO  TESt 


a. 

4 

b. 

V  ■ 

7 

1 

3  • 

< 

a. . 

Air  . 

'b.  _ 

Liquid  • 

i 

a,  - 

'  f. 

6 

b. 

10 

g. 

1 

c. 

2  ' 

h. 

.  8 

d. 

3, 

i. 

^5  . 

7  . ' 

j- 

•  9  . 

Any.nHree  of  .the  following: 

a,  Pl^ntifu]  and, cheap 

b.  AJ)Sorbs  heat  well  \' 

c.  Circulates  free^y^     \  * 

d,  Harmless  to  handle 
Any  three  of  the  following: 

a.  Wi.ll  freeze;  at  32'F 

V  ^ 

b.  Can  .  corrode  metal  parts 

c.  Car^N^ave  deposits 

d.  Will  -evaporate- 


\         .  Any  tlve  ot  the  folIowTng: 
.   a.     Prevents  freezihg 


5- 


7. 


b.  '  Inhibits  rust  and  corrosion 


'4        0?  '  ~ 

•  c.  ^  Chemicalty  ^^able 


d.  .  Nonconductor  of  electricity 

e.  Flows  readily  at  all  temperaJUtes 

f.  Conducts  heat  readHy 

g.  "^"  Resists  foaming  \  ' 

•a.     Alcohol  base 

—  *  >  ^ 

b.     Ethylene'  glycol  base 


b.  > 

2 


0 


Any  four  of  the  foUovyin^:  "  *  ■     ■  . 

a.  Inspect  for  sysjem  deterjoration     '  , 

b.  Prevenf  corrosron  and  deposits  '  •  * 

f  —  .  -  '       r  - 

Flush  and  clean  system  periodically  .       ^  r 

Lubricate  water  pump  and  f^n^  as  -reqljired  '  i\ 

*  'I 

Allow  a  hot  engine  to  idle  a  few  minutes  before  jhuttin^  it«*,down 

—  ■  '       .  \i 

f\'  Check  coolant  as  recommended  in*  operator's  nrianual- 
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UNIT  OBJECTIVE  • 

^  .   •  ■  ■  \  '  •      '     -  ' 

After  completidn  of  this  unit,  the  student  should  be  able  to  ^me  types  Qf  bearings  and 
<ist  their  funptions.  The  student  should  also  be  able  to  list  factors  influencing  the 
distribution!  of  lubricant  to  t\^e  bearings,  list  causes  of  bearing  failure  and  demonstrate 
correct  procedures  for  removal  and  installation  of  plain  and  anti-frictioT bearings.  This 
kfiowled^  will  be  evidenced- through  demonstration  and  by  scoring  eighty-five  percent 


SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 
^    -       •    Match  terms  associated  witJr-fa^arihgs  to  the  correct  definitions.'. 
List  four  functions  of  bearings.  ,        ' .       ■  '  ^ 


2. 


;3. 

4.- 
5. 


Name  twb  b'as|^types  of  bearings. 


Discuss  load  forces  on  bearings.   .  ,  '  • 

# 

Match  the  types  of  ^bearings  tp  the  advantages,  and  disadvantages. 

*       *  '      ^  i  •  '  ' 

6.  ^   Match  the  1llwste9«<jns..of  plain  bearings  to,  the  correct  name^  • 

7.  List  materilts  from  'whi(|i^'fearings  may  "be  constructed.      .  '  ,  ' 
List  three- factors  infloencingVhe  distribution  of  iCibricanfto  the  bearings. 
Name  common  methods  of  luiricWg..bearirT^.^_^„./' 


8.' 


'9^ 

« 

.10. 


List  causes  of  bearing  failure  irt  plain  bearing'. 
List  four  reasons  for  bearing  crush 


.  94-B 


16.  List  five  types  of  roller  bearings:  

17.  '    Name  Wo  typ^s  of  needle  bearings. 

18*     *•  Discuss  mountings  for  anti-friction  bearings. 

19.  Seiecf~6earing  maintenance*  tips.  j      ^  » 

20.  Demonstrate  the  ability  to: 

a.  ^    Remove  and  install  a  plain'^bearing. 

b.  '  Remove  and  install  an  anti-friction  bearing.  • 

c.  Check  preload  bearipq  setting,  spring  scale  method. 


BEARINGS 
UNIT-  V 


■; — «P 


bMGGESTED  ACTIVITIES 


Instructor:        *      '       .        ^  / 
A.    Provide  student  ^mh  objective  sheet. 


B.  Provide  student  with  ,infor|2f)ation  and  job  sheets/  , 

C.  Make  transparencies.  '  , 

D.  Discuss- uni^  and'specific  objectives.  * 

E.  'Discuss  information  sheets.  '  ^, 

F.  Demonstrate  and  dis5U5rthe  procedures  outlined  in  the  job  sheets, 

G.  .    Discuss  typical  adjusting  (preloading)  devices  for  tapered  roller  bearings  to 

include  slotted  hex  nut  and  c6tter  pin,  lobk  nutsBnd  torqued  washer,  shims, 
and  threaded  cup  follower.   '  *  • 


H.  Give'^'test. 
.^tudent: 

A.  "  Read  objective  sheet. 

B,  Study  Information  sheet. 
.  Compiled  fob  sheets. 

D.    Take  test.  ^ 


ERIC 


INSTR  U,CTl  OIV^~  -M  ATE  R I A  LS 


- -fncluded  in  this  unit: 
~--A^.  Objective  s^heet 

B.  "  Information  .sheet   ^    ^  . 
-  C.    Transparency  masters  *    .    *  ^ 

1.  '     Tiyi  1-Basic  Types  of  Bearings 

2.  TM  2-Load  ■  Forces  * 
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3.       TM'3-Types  of  Plain  Bearings  "  .     ,  * 

«»  •  • 

^        4.       TM  4rOil  Groove  Design 

5w       TM  57-Methods  of  Bearing  Lubrication         *      ^  *  ' 

6.  ^TlVt  6-Causes  of  Bearing  f^ailure 

7.  TM'7--Typesn3f  Ball  Bearmg  Races 

8.  TM  8--pall  Bearing  .  Resigns  ">  ^   '       •  ■        •  ' 

9.  .  TM  a-Basic"  Types  of  RolTer  and  Needle  Bearings. 
,10.       TM  JO"Typical  Ball  Bearing  /Mountings 

;       11.   ^^J)^  11-Typical  Rpller  Bearipg  TVIountings 
,12.  ^     TM  12-Typical  Needle  Bearrng  Mountings 

D.  Job  sheets  *      ^  ^  ,  ■   ^  * 

,    Job  Sheet  #1 -Remove  and  Install  a  Plain  Bearing  ' 

2.  Job '^heet  #2;;Remoye  and  Install  an  Anti-Friction  Bearing 

3.  -     Ibb  Sheet  #3"Check  Preload  Bearing  Setting,  Spring  Scale  Method 

E.  .  Test     '        J   .    .  .  • 

F.  Answers,  to  test,  ;        *  ^ 

Heference-Fundamentats  of  Serv/cer  Belarings  and  Sea/s.  Moline,  Illinois:  Deere 
and  Go.;.  1974.  .    ;  .   .        .        ^  '  '  ' 


BEARINGS 
INf^OpMATION  SHEET 


Terms  and  'definitions    ,        f       %        ^  ,  * 

A     F-fiction- Resistance  to  motiori  between  two  bodies"  in  contact  t 

b:   , Radial  load-  Force  is  directed  ^sideways  or  perpendicular  to  the  shaft 

C.  Axi^l  Iqaci'-^Forjce  is  directed  endways  or  horizontal  to  shaft* 

D.  Races  Two  hardened  steel  rlhqs  *         ^  ♦ 

PlastKjage  PISstic  _  thread- which  ''crush'^'^  to  .the  exact  clearance  when, 
measuring  bearing  clearance,     ,  •  *'  /     '  ^ 

Babbit  Alloy  oT  lead,  tin,  antimony,  and  other  metals  . 


E 


F 


G     Plain  be^lring  Supporting  surface  f^r  a  wheel  or  shaffthat  p'rovict3§*a  sliding 
contact  between  the  mating  surfaces     *  »,  ■ 

(NOTE:  Plain  bearings  are  aiso  Called  bushings.) 

H   ^^eariag  crush- Each  Half  of  the  bearing  extends  one  or  two  thousandths 
'  ^  an  inch  beyorld  .the  bearing  seat  bpfe 


I. 


Ant!  friction  bearing-  Supporting  surface  for  a  vuheel  or  shaft  that  prpvides 
^  a  rolling  contact  between  mating  surfaces   '     »  .       .  \ 

J.'  -^reloading-"Adjustm^j\of^anti-frictiQn  bearing  after  beirig  secured  in  the 
mountirj^      ^  .        /'  * 

Functions  of  bearings         •  ^    f  ' 

A.    Support  the  moving  part'     .  _  .  ,  ^  

^B..    Reduce  frittion  ^       '  '     '  ' 

C,  Reduce  \^ar     *  .  ^ 

D.  Provide  a  ref>iaceal:^le  wear  surface 
Basic  tvf^es  of  bearings  (Tran^arency  1*) 
A.    Plain  bearings 
B     'Anil  friction 'beerrings 
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•   .INFORMATION  SHEET        '      /  '  " 

Load  forces  on  bearmgs  (Transparency  2)       /       "  - 

A.  Axial  load  forces  are  those  forces  directed  endways    *        "  • 
(^IMOTE:-  Thrust  t)earings  are  used  to  ^pport  the  endways  force.)  v*'  . 

B.  Radial  load  forces  are  those  forces,  directed  ^ipTeway's  b'r  perpend|?ular  to 
the  shaft         ,   *     .      .  " 

*  '       -*     •     ■  *  '  ' 

Advantages  and  disadvantages  of  plain  bearings  and  anti-friction  bearings 

A/    Plain  bearings  (bushings)        ,  J 

>  * 

1.      "^Advantages  ^         ^  ►  ' 
a/    Requite  little  space 

b.  •  Low.  irf  cost  '     *  ^ 

c.  Quiet  operation  ^  - 
\  d".     Rigid  construction^ 

■  '        2.  Disadvantages 


\ 


a.  High  "^friction  opera^tion^ 

I  •  ^  I 

b.  Require  more  frequent  lubrication  because  th^y^  cannot  be 
packed         •    '  ' •  « 


B.     Antl'frlctioh  bearings  , 
"1.  Advantages 

a.  Jlow  faction  operation  ,  .  :  , 

b.  £ah  be,  packed  to.  reduce  frequency  Qif  lubrication 
*  '   '  -     ^c.     .More  versatile,  nriany  designs 

2.       Disadvantages  ;  •  '     p  ^  .  '  *• 

a.  Require  more  space. '  •   .  .  .  ' 

b.  •  Noisier  operation 

^  *      c.     Higher  cost   »  "  ,    ,  . 

d.     Less  rigidity  '        ^  ^ 
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*  '  •  ■        INFORMATION  SHEET 

VI.    Types  of  plain  bearings  (Transparency  3) 

A.  Sohd  bearing  .or  sleeve 

B.  Split  bearing,  rolled  type  /  * 

C.  Thrust  bearing  ■ 

D.  Split  bearing  with  steel  back  lined  with  bronze  or  babbit 

E.  Split  type  constructed  of  wood,  plastic,  or  rubber 

_  F.^    Split'  bearing  used  for  engine  crankshaft 
*  %^  ^ 

G.  Splid  bearing  with  fluted  rubber  structure 
yW.    Materials  from  which  bearings  may  be  co'nstructed 
*•        A.    Wood  7^ 

^      .B;^^^  bast  -  iron         '    ^  '        ^  ^        '     »  ' 

.  •   C.  Soft  steel       .   *         -  ~ 

D.  Hard  steel'  '  \ 

E.  'Copper,  brass,  ;.^nd  broi^e 

F.  Copper,  lead  t 
'    G.  Babbit       r   '  ^  \  '  ^     ,  , 

H.  '  Aluminum       "  , 

,      .     1.^     Plastic  -  '  '    "  . 

.  J.  ^  Rubber  -       .  ,     "  ■  '         "  » 

VII Ir    Factors  Influencing  the  distribution  of  lubricant  to  the  bearings'  (Transparency 
4  •         4)         '  ■  ' 

'  '  -  -  -  '   ,    .     ^  ^ 

V  A.    Or!  groovesL  *     *  ^       •  .      -  , 

-i^f  «  ■     ■  • 

•  B.     Bearing  clearance  ^ 

C.     B^e^ring  surface  compatibility  '    -  •  -  •  . 

(NdtE: 'Bearing  surface  compatibility*  is' determined  by  viscosity  of  the 
lubricant,  speed  o^  shaft  rotation,  and  smoothnes^  of  the  mating  surfaces.) 


300  .  ^ 


INFORMATION  SHEET 

IX.  Methods  of  lubricating  bearings  (Transparencf  5)   -  ^ 

A.  Oil  can    '  *  1  ^  •  '  ^^^ 

B.  Grease  gun      ,         %  •  *  - 
'  C.    Central  grease  system         •  . 

(NOTE:  One  plur^^^r  lubricates  several  grea§e  fittings.)*  t  , 

D.  Oil  b^athl splash  •  *  r         •  - 

E.  Pressure  feed  system  ^ 

X.  Causes  of  bearing  failure  in  plain  bearings*  (Transparency  6)  ,  ■ 

•      ■  • .  *  ^ 

A.  Dirt  '       ■  ■  *         .        '       .  ■ 

B.  '  Lack  of  lubrication  .  *s 

C.  I mprofier  assembly  . 

(NOTE:  Improper  assembly  may  result' in  too  littiaor  too  much  bearing 
crush,  improper  bq^ring  clearance,  or^mislocated  oil  hole.) 

D.  Misalignment 

E.  Overloading  p  .   ''^      .  * 

F.  Corrosion  '\  "  . 
XL    Reasons- for  bearing  crush        '  ^/ 

A.  Greater  heaf  dissipation     .    -        ^  ' 

B.  .Insert  is  forced  to  seat  solidly 

'  C.     Insures  that  the  bearings  remain  round  ^ 

.   D.^  Avoids  a{iy  possible  movement  of  the  bearing  in  the  seat'  ,  * 

(NOTE:  The  .amount  of  crush  must  not  be  el^essive  (.001**  or  .002"^  or  the 
insert  will  be  distorted  when  the  c^  fs  tightened;  Jhe  bearing  will  buckle,  and 
will  result  m  increased  friction  and  heat.) 

XI L    Types  of  anti  friction  beafings' (Transparency  1)  ^. 

Ball 

^     B.     Roller  .        ^  .  '  •  * 


'c.    Needie^  '  ^ 


INFORMATION-  SHEET 


r    .  -  s 

^^^^^^'^^^'\o^6  carrying *cap:acity .of  anti-triction  bearings 

A.  Size  of  bearing  -                              ^  '  '  ^  . 

B.  Number  of  rolling  elements*   .  ^ 

C.  Type  of  race                        •           «^  •  ^  - 

XIV.  Types  of  ball  bearing  races  (Transparency  7) 

V  ****  - 

^    A.  Conrad 

B.     Full  type 

C  ■   Split  race 

'  p.    Angular  contact  \ 

XV.  Designs,  of  ball  bearings  (Jran§parency  8)' 


A.  .*^  Radial  load 

B.  -  Radial  and  thrust  load 
^     C.     Self-aligning,  radial  load  ^ 

D.    Thrust  load      .  » 
"XVI.    Types  of  roller  b^ari'ngs  (Transparency  9)'^ 

A.  Radial  load,  straight  roller 

B.  Radial  and  th^rust  load,  tapere^cf  rofler^ 

C/    Self^aligning,  radial,  .and  thrust  laad,  spherical  roller    '  \ 

D.  ^  Self-alignirig,  radial  and  thrust  (oad,  concave  roller  ^ 
^    \  .  ' 

*.f*^E.  'Thrust  load' 
XVII.    Types  of  needle ^beanings  (Transparency  9)         '  ' 
^  A.    Radial  load      '      ^        *      <  *  «- 

B.     Thrust  loaft  . 
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XVI IL  *Mduntings  far  anti-friction  t)earings  (Transparency  10,  II,  anc^  12) 


A.    Shape  must  not  ^e  distorted 


B.  Rolling  elernents  must  not  be  bound. 

C.  Inner  and  outer  races  \f\ust  be  alignefd  ^  . 
:  -(NOTE:  This  is- not"  necessary  with' s^f^aligning  bearin^gs.)  - 

'  ^  Axis  of  each  tpoarfeg  rpust/be  aligned  witH  the  other      '  /  . 

(NOTE:  The  abov^  >^co/idition  applies  whenltvvo  or  more  beanngs  are- 
^    .        '  mounted  on  the  game  r'shaft.)' .  •       ^  \  .         .  ' 

i  E.    Usually  'mourited  with  one  race  a  press  fit  and  the  other  a  push  fit 

'       )  ' 

.^NOTErr'Normally  th|e/press  fit  race  i^  pressed  onto^  into  the  rotating^ 
'  part  and  the  push  fj|/onto  or  into  the  Stationary  part.  ThTs  rule  of  .thumb 
is  not  true  in  every;  ^tuatiqn.  Large  bearings,  tremendous  loads,  and  high 
speeds  may  require  /opth  races  to  be"  pressed  into  place.) 

F.    Seals  are  used  to  ^retain  lubricarht  and  exclude  dirt.-.  *' 
XI Bearing  maintenance  tips  •  '  .  / 

^         .A.    Work  with  clean  approved  t tools,  in  clean  surroundings  .  . 

B.    Clean  outside  of  housings  before  exposing,  bearings 


Cv    Handle- beariogs^twith  clean;  dry  hands 
D.    Work  on  a  ^fiftetaf  *or  metal  covered  bench 


E.  Treat  a  used  bearing  as  carefully  as  a.ne.w^one;  uatil  the  used  one  is  proven 
to  be  defective  '  '  ^  .  ^ 

F.  Use'^'^clean  solvents  and  flushing  oils  /  .      .  • 

G. .^  Lay  bearings  out  on' a  degn  surface*      '    .  .      .  , 

H.  ,  Protect  disassemt)led  barings  from  dirt  and  moisture 

I.  Wipe  bearings,  if  necessary^  only  with/' clean,  liQt-ffJ^rags 
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j.     Keep  bearings  wrapped  in  oiljproof  paper  when  not  in  use 

Thoroughly  cfean  the  inside  6f  housings^^  bdTore  fristalling  bearings 

'  r[      30.3       ■  ' 


INFORMATION  SHEET 

^.^'■^^      '        -  "  —         •  •  ■ 

L  '  Instant  neWXtearings  as  they'come  from  the  package,  without  washing,  if 
^thfiy  are.^reQe1vedNin  a  sealed  container       .  '  >  ' 

^      "  V  ^         >v       .  ' 
M.    Keep  lubricants,  clean,  wt^n  applying  them,  and  cover  the  containers  when 
not  in  use   *  . 

N.    Don'^tjpin  uocleaned  or 'dry  .bearirt^  )  . 

0.  "^on't  spinf  ady  bearing  with  compressed  air^ 

P.     Don't  use  the  same/ container  for  both  cleaning  ahd  final  rin^g  o^-used 
bearings  .     -v    •  ,  \  \, 

Q.*    Don't  use  gasolines  -  .  * 

(CAUTION:  The  f^mes  may^be  injurious  to  health,  as  well  a^  a  fire- hazard.) 

R.    Don't  use  incorrect  type  or  amount  of  lubricant 


Thrust,  Washers  Used  With 
'  Riadial-Load-Type  Bearings  *  Thrgsi 


Support  Bearing 


Bevel 
Gears 


> -Shaft 


Bearing 

t  Radial 
j     ,  <L^ad 

Thrust : 
-a;oad  . .  ^ 


Axial 
Loads 


Load  Forces  Acting  - 
On  Bearings 


Id 
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^oiid  Bearing 
or  Sleeve 


.  ^3- 

/l^litType;  • 
/•Constructed  ' 
of  Wood,  Plastic, 
or  Rul)ber  v 


'>ERJC 


Types  of  Plain  Beanngs 


Split  Bearing, 
Rolled  Type 


)))))))))))) 


Thrust  Bearing 


Split  Bearing  with  , 
Steel  BafclTLined  with  . 
Brorize  or  Babbit 


Split  Bearing  Used 
•for  Engine  Crankshaft 


Solid  Bearing  with 
Fluted  RubbTBfSfriicture 


■  qn7 


Oil  Grdove  Design 


Used  in' 
«  General* 
Application^ 


■  Also  Used  ;  ^  Used  When  Oil' 
in  General  |      is  Supplied- ISfe^r 


Ehd  of  Bearing 


Applications  I 


4" 


Us6(f^or 
Pulsating  Loads 
^witK  limited  ' 
^baft  i^otation 


Feeder 
:  Grop\?e  and  Axial 
. '  Distnfbutin^ 
,  ;  Q^f<TOve  Used 
for  Large,  Sbw 
Speed  Bear'mgs 


Used  f  ^    .     .  Also  Used 
Greas^  for  Grease 

Lubrication  .  Lubrication 


';|ICircumfer;ential.  - 
(jf-poye  and 
Chamfered  Recess 


Used  .for 
.Fractional 
Horselljower 

Motors 


proves  Oil  Filrr^^  . 


pooling . •  Used'  i  n  ■ 
En.gihd  Bearings^  -^i^' 


Chamfered 
^    in  Sblit  Bearing^ 
Distributes  OiT^^ 
^  V     Along  Shafi;  / 
Used;  in  Engines. 


SOT 

ERIC 


Methods  of  Bearing Jjibrication 


Grease 
.Gun  . 


Two  Types  of  ' 
Hand.  Lubrication 


«3- 


Press^re-Feei  Oil  System 
in  a  Typical  Engine  ' 

^app^t  Lever 

Camshaft^^^  ^ton  Pin 
Bearings  /^^^^^^^^nng 


Trough 


Oj  Camshaft  Be^ings 


Crankshaft 
Main  Bearings » 

310 


Bearings 

Main  R*>flrinnd  i 


Main  Gil 
Gallery 


Strainer 


Oil  Rurrifp  ^ 


Oil  Pump 
and  Filters 


G>il  Supply  to'.  • 
Splash  Pan  ^  .  " 

^Circulating  Splash  System   -  * 
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CO 
CD 


D  'r  115-B 


Causes  of  Bearing  Failure 


• .  Damage  From  Dirt 
.  Embedded  In  Bearing 


r 


Oil  Starvation  Caused^this  Damage  'T!, 


Wear  On  One  Edge  of  Bearing 
Caused  by  Tapered  Journals ' 


1^ 


orrosion  |fo.m  Acid 

:  :j^|top  In  Oil  ^ 


'9* 


Exfcessive  W^'ar  Caused  ^ 
by  a  Ben$  Connecting*^  Rod  \ 
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TM  6 


Cpnrai] 
Bearing 


Split  Race 


vJnndr  Race  In  Eccentric  Rositio^n 
For  Lqiiding.  Good  for  Bjbth  " 
'  Radial  And'Thrust  Loads.  \  > 


1 


^  >,    Inner  Fjface  Is:  Ceriter  -£ut.  ' 
lG(&pd  For^Thrust  Loads  Onjy^ 


Angpter  Contact 
Bearing 


e; 


.B&aring 


.V 


One  Shoulder  Of  Outer  Race.  Removed:  .  \  Has  A^ildidif^  S^^^^^  Hdds  Mpr^> 
Good  Fiir  thrust  Loads -  dna  Directi9n-      -  /   Balls,  OBy  For^fl^r^l  loads. 


^'.'-• 
■     ...V  ■  • 


IIS 


Sim|le>Rdw  '    ^  ^Sirigle-Row' 
Radial   -  ftadial-TbFust 


{Double  Row 
Radial-Thrust 


V 


Thrust-toad  Ball 
:  Bearing^ 


open  F^ce  B^ll 
Thrust 
(Separabte) 


•  ■/>•  J 


Double  Row 


Radial 


Bande#tip;?Sllielded 


Radial  Load,  1^ 
Straight  Roller 


spherical  ^  • 
Self-Aligning 


fladial-THrust 
Tapered.  Roller 


Radial-Thrur  ^ 
Spherical  Boilers 


Tapered 


ThrustrLoarRoller  Bearings 


Thruft  Load 
Bering 


Self-Aligningj 
Radial-Thrust 
otters 


Radial  Load 

5*Bearing  ,  - 


Typical  Ball  Bes 


Single  Row 
Radia/ 


Double  Row 
Radial-Tfifust 


Nut 


Arm 


Radial-Thrust 


iring  jyiouAtings 


Snap. 
Ring^ 


Single  Rowl: 
Snap  Ring 


Single  Row 
"Floated" 


FJanges  ^ 


■  ^^^^  ■' 

.  Internally 
Self-Aligning 


n 


-  Set 
Screw 


locking 
Collar. 


Externally 
Self-Alignjng 


CO 

w 
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/■■\ 


Wheel. 
Bearing 


Thrust 
Bearing 


*Cone9^  Butted 
Together 


Heavy-Duty  , 
Mountinig 


Shims 


Heavy:Puty ; 
Self-Aligning 


Cap 


Tfjnsmfssion  , 
Shaft    :  . 


i  •- 


r 


Radial-Load 
Needle  Bearing. 

{Prevenf^Ra'diai 
Shaft  .-Deflection) 


.   Thrust-Load  Needle  Bearing 

■  (Prevents  Axial  *Movement) 


BEARINGS  . 
•.  UNIT  V 


JOq  SHEET  #1--REM0VE  AND  IN^STALL  A  PLAIN  BEARING 
I.    Tdols  and  materials  -  \  •  • 


r 


*A.    Bearing  driver  and  adapter 

B.  Pilot  and  reamer 

C.  :  Torque  wrench  >, 

D.  Feeler  gauge 

E.  Basic  hand  tool  set  .  ^    "  , 

F.  Shop  towels 

G.  Safety  glasses  •     •  '   .  ' 
Procedure 

A.    Replace  one  piece  bearing    *  ,  '  . 

v1.       Drive -old  bearing  out  with  driver  and  adapter  (Figure 
(NOTE:  Be<  careful  not  t9  damage  the  bore") 


^URE 


Swivel  Lever 
Bussing 


Clean  'bore  and  remove  any  burrs 
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^JOB  SHEET  #1  -  .  ■ 

Drive'^the  bushing  straight,  into  the  bore  (Figure  1) 

(NOTE:  When  possible  use  a  press  to  asSure  accuracy,  See  Figure 


\  JOB  SHEET  #1< 


I.  .  Replace  split  "bearings 


•IVteasure  several  places  around  shaft  with  micrometer  to  determine 
amount  of  wear  (Figure  4)  * 

(NOTE:  See  engine  manufacturer's  technical  manual  for  wear 
limits. 


Measurif^g  Shaft 
.:i^/ear.  * 


Install  bearings  and  tighten  to  specified  to};que 


lUse'^an  inside  micrometer  to 'measure 
bearing  (Figure  5) 


inside  diameter  of 


FIGURE  5 


Measuring  Bearirii^^ 
Cfearance  r 


:^   4,  •    Compare  the  reading  with' the  outsFde  cJiameter  .fet  the  shaft 


'    JO'B  sheet  #1' 


i 


Determiae  the  clearance^by  subtracting  the  shaft  diameter  from 
the  bearing  inside  diameter    ^  ,  ^  ^  *  ' 

(NOTE:    Refer   to   engine   manufacturer's   specifications  to 
determine  the  correct  clearance.) 

AnothA*  method-of  measuring  bearing  diearancejs  by  ^using  a 
plastigage '(Figure  6)  ^ 

(NOTE:  Thisjs  a  plastic^^ thread  which  "crushes",  to  the  exact 
clearance/ when  the  bearmg  cap  is  fulJV  tightened.  While  this 
methofi  will  give  theheariog  clearance,  it  will  no\tell  you  whether 
the  wear  is^on  the  Bearing  or' on  the  Jhaft.  Crankshaft  must  be^ 
supported.^when  checking  main,  bearing  cl^^^nce.), 

FlduRE6  ,  .   ,    -Plastigage   '  *  ^ 


1.  Pl^stigag&  hn  Place 
Betore  Bearing* Cap 
Is  Torqued 


2f  Plastigage  After 
^  BearinaCap 
Is  Rerm)ved 


Install  undersize  bearings*4f  too*much  wear  has  occarred. 

.(WOTEi^When  installing  the  bearing,  be  careful  that  it  does  no-t  . 
cover  any  oil  holes  and  that  tfie  locking  devices  are*  in  fioftect  ^ 
relationship.  See  Figure  1.)       *    y  * 


Dpwel  Hqle 
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JOB.  SHEET  #1 


Petermine  the  correct  amount  of  bearing  "crush" 

a.   ^  Force  the  insert  to  seat  soliQly  in  bearing  se^t  (Figur^  8) 


'FIGURE  8 


JRod 


'  A 


Bearing 


Bearing 


LOOSE. 


Cap  * 

TIGHTENED 


b/    Insure  that  the  bearing  remains  round 

'^^(NOTE:  If  not  tightly  held  on  the,  edge,  it  might  distort 
as  illustrated  in  exaggerated  form.  See  Figure  9.) 


FIGURE9 


Lack  Of  Crush  -  ^ 

Edges  Of  Bearing  Curl 
In  Toward  Shaft 


Too  Much  Crush 

Rearing  Buckles  Wheh 
Cap  Tightened 


EFFECTS  OF  IMPROPER  CRUSH 
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BEARINGS 
UNIT  V 


JOBrSHEET  #2--REM0VE  AND.  HMSTALL  AN  ANTI-FRICTION  SEARING 
I.  /Tools  and  materials.  .  • 


A. 

Pullers  ■ 

B., 

Press  ' 

C. 

Vise 

D. 

SuiDport  blocks 

E. 

Basic  tool  set 

F. 

Shop  towels 

G. 

Safety  glasses 

f  glasses 
Procedure 

Af    Remove  bearing'^Tsing  pullers 


1.       Ctean'  bearing  housing^  and  shaft 

2-    .  Study  bearing  Pfiounting  and  determine  how  it  can  be  remo\^d 
using  a,  b,  or  c  bearing  pullers  below 
0 

a.     Using  a  s^ide  hammer  puller,  slide  the  hammer  against  the 
stop  and  force  bearmg  *from  housing  (Figijre  1) 


FIGURE  1 


Stop 

Weighted  Handle 


SLIDE-HAMMER 
INTERNAL  PULLER 
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JOB  SHEET  #2 


b.     Using  a^screw  type  puller,  pull  bearing  from  the  shafj  by 
force  o?  screw. ti*m'!?,9  (Figure -2) 


Screw 


.   Part  To  Be  Removed 

EXTERNAL  SCREW-TYPE  Puller 


Cr     Using  a  hydraulic  ppwererf  puller,  pu^  bearing -frdhi*  shafx 
by  force  TFigure  3) 

Hose  Xp  Cylinder  ^ 
Fron^Hyd.  Pump    '  - 


,  Screw 

HYDfiAULtCALLY-POWERED  PULl^ER 


/ 


Make  the  correct  puller  application  using'  a,  b,  or  c  below 


-{NOTE:  Pullers  may  be  for  either-mternal  or  external  applications, 
depending  on  the  need.  Some;pullefS  can  be  used  fcfr  both  jobs 
because  they  have  reversibJe  jaWs  with  both  Mtetp^l  and  internal 
ends.)  '    .       . --^ 


32S 


JOB  SHEET  #2 


a.     Make   pdflec^  applicatfon   using  an   internal  type 


with 


4 


push-puller  (Fi^ur.e  4) 

Pusli-  Puller 


Bearing  Race 


,  y...  FIG 


FIGURE  4 
Head 


'  Adapter 


"^-T-Q— P"     INTERNAL  PULLER 
>lub  Or  Housing  /  CupRuller  ^  WITH  P.USH-PULL^R 

^  (NOTE:  The  push-puller  may  also  be  used  for  jnstallation. 
V  '  The  legs  of  the  push-puller  sQpp'ort  the  "head  while  the  screw 
*       is  turned*/  pulling  the  bearing  cup  from  the  housing.)  ;  • 

« 

b,   'Make  puller  application  using  a  knif^-edge  puller  plate  with 
push  pUlle?  (Figure  5)      .  ^  ' 

Kmfe-Edge 
Puller  Plate; 


FIGURE-B 


  Push-Puller 


'  KNIFE-'EDGE  PULUER  PLATE  WITH  PUSH-PUjjfTEF^  ' 

(NOTE}  A  knife-edge  puiier  plate  is  available  to  remove, 
beanngs  where  other  puU^rs  would  dan^age  the  bearing.-This 
plate  is  shown  /(Fi  go  re  5)  removing  a  bearing  jfrorpr"  a 
s^o^ldered  shaft.  If  the  regular  externaJ-typ^/flurieV  were  use.d-. 
to  retnoveihis  bearing,  the  force  exerted.on  the  outef.race 
would  damage  the  bearing.  Notice  that  the  kpiie^edge  plate 
js'^sed  with  a  push-puller;  the  exterlfgt  s^w  tVpfe 'puller ^ 
can  also  be  used  wfffi  th^  ^kn^e-edge  plate. ^  ' 
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JOB  SWEET  #2 


c.    .Make  puller  application  using  an* external  screw  type  puller 
'  (Figure  6) 


FIGURES 


Gear* 

Two*  Legged  PulIeK 
'  IXTERNAl!  SCREW  TYPE  puller" 

(NOTE:  The  e)^rnal  scre\/Pt^t5"e  puller 'caru  be  used  to 
remove  bearings  provided  there  is  some  solid' object  which 
allows  *the  jaws  of  the  pullefWo  force  the  bearing  off.). 


V 


4.       Forpe  the  beariag  from  t;^  ^ft 

B.     Remove  bearing  using  a,  press '(Figure  7)  * 

1.       Support  inner  race  with  split  rings  or  U-plates  as  available  (Figure 
7)   •       .    "  .  ,. 


FIGURE  7^ 
Press  Ram 


Shaft  S^3i|)u|der 


—  *  L 

II  . 

Split  Ring 


Shaft 


Press  Bed 


SPLIT  RING  SUPPORT 


U-PLATE  SUPPORT 


^2.       Press  bearing  from  shaft 


-r,_   :■ .  •( 
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JOB  SHEET  #2 


Press  bearing  cup  from  housing  using  a  flat  bar  which  transmits 
ram>pressure  (Figure- 8) 

(NOTE: , Housing  must  be  oper\  from  opposite  sidg.h 


FKSiIRE  8 


Press  Ram 


Outer  Race         Flat  Bar 

%      BEARING  fcUP  RE^vi0VAL 

Press  outer  race  from  housing  using  a  tube  slightly  smaller. than 
the  outer  race  (Figure  9)      ,  ^ 

FIGURE  9 


Plate 


1 


Press  Ram 


Tube. 


ousing 


Outer  Race 


\ 
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JOB  SHEET  #2  .  '  . 

)ve  bearing  A^/ith,  a  hammer  and  driver  using  either  method  below' 
Method  #1  '  .  ' 


a.     Place  tube  over  shaft  to  drive  bearing  from  the  shaft  (Figure 

10)  .     '  '  j  ^. 

(NOTE:  If  shaft  has  obstructions,  tube  be  split  and 
tied.)  'v 


FIGURE  10 


split  Tube 


Welded  Lug 


b.  Strike  the.  welded  lug  with  ;harnmer,  and  punfeh  \ 
,    Method  #2        • '        "\      ^  ' 

a!     Use  support. blocks,  spHt  rings,  oV  a  U*plate  to  support  inner- 
race  of^the  bear|ng  (Figure  11) 


Soft  Metal 
^  Slug 
That  Will 
Not'Chip 


JOB!  SHEET  #2       "     _  ■ 

*  ^  * 

b.  ..Drive  the  sh&ft  from  the,  bearing  with  a  soft  plug  or  driver 
Install  bearings  using  appropriate  metbod  below*, 

1.       Press  inner  face*  on  shaft  by  using,  press  metliod  (Figure  12) 


FIGURE  12 


Press  Ram 


Tubing  Clears  Straft, 
Presses  Against  Inner  Race 


(NOTE:  TMo  pr^sure  is  exerted  on  outer  race.)  ?^ 
^Press  outer  >ace  in  housing  by  using'press  method  (Figure  13) 


FIGURE' 13- 


Press  pam ' 
Plate,  ^ 

« 

Tubing 


(NOTE:  No{  pressure  js  exerted  on  inner  race.) 


t42B 


t 


JOB"  SHEET  #2        '  . 

'Drive  inner  race  on  shaft  \)vith  hammer  (Figure  14) 

«     ■  ■ 

FIGURE  14r   •     .    •     ■  * 


Plat§ 


Inner  Race 


Tubing 


DRIVING  INNER  RACE  ON  SH-AFT 


(NOTE:  No  pressure  is  exerted -on  outer  race.) 


FIGURE  15 


*4.       Press  needl^  bearing  into  housing  with  press  (Figure  15) 

Driver  Undercut*  ' 
Ram 
Driver. 


L  '  Needle 
]::  5earmg 


Rousing 


Press  Bed 


^  '  •  *  .  Ik; 

(NOTE:  Use  special  undercut  driver  to  trisnsmit  driving  force  to 
outer  shell,  preventing  bearing  shell  from  buckling!TT 
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BEARINGS 
•UNIT  V 


JOB  SHEET  #3-CHECK  PRELOAD  BEARING  SETTING^ 
,  .SPRING  SCALE  METHOD  ~  '- 


I."..  Tools  and  materials  .      ,  \ 

A;    Safety  glasse?." 
-    B.    Appropriate  service  rnanual 

•  \ 

C.  Spring  scale 

D.  String  or  cord 
£.    Basic  hand  topi  set 
F.    Torque  wrench  < 

.  Procedure 


A.  Torque^bearing^adjusting' device  to  manufacturer's  specification 

B.  Lubricate  bearings,  :if  necessary 

C.  Attach  string  to  gear  and  wind  around  the  outside  diarr^eter  ' 
p.  Attach  spring  scale  to  string  (Figure  T) 


^PuH  In  Pounds 


Gear  Radius  In  In'ches  x  PufI  In 
Pounds  =  Inch  Pounds  Torque- 


E.     Pull  untH  gear     rotated  ^slc^wly  (Fig'ure  1p* 
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JOB.  SHEET  #"3/ 


Read  the  pounds  pull  Viecessary  to  keep  gear  turning         •  ' 

Calculate  the  rolling  torque  by  multiplying  the  radius  gf  the  gear  in  inches 
by  the  poun^  puN  on  the  spring  scale  (Figure  1)       •        "  ^ 

(NOTE: •Compare  calculated  rolling  torqae  to  manufacturer's  spebificatioQs.) 

Tighten  or  loosen  the  adjusting  device' to  obtain  mafiurfaeturer's  preloacj 
bearing  setting  /  ^ 


BEARINGS. 
UNIT  V 


r 


NAME 


'TEST 


Match  the  terms  on  the  right  to  ihe  correct  definitions. 

^  ^a-  Resistance   to   motion   between  twQ 

bodies  in  contact 


_b.  Force     is     directed     sideways .  or 
.perpendicular  'to  the  shaft  ' 

^c.  Forceps  ^directed  endways  or  horizontal 
^  to  shaft* 


^w6 


hardened  steel  rings 


__e.  Plastic  thread  which  "crushes"  to,  the 
exact  clearance  when  measuring  bearing 
clearance 

_f.  AJloy  of  lead,  tin,^ntimony,  and  other 
'-metals,  • 


^  g-  supporting  surface  for  a  wheel  or  shaft 

that  provides  ^  sliding  contact  between 
.  the  mating 'surfaces  '  '  * 

-  .  *  h.  Supporting  surface  for  a  wheel  or  sha^ 
that- provides  a  rollmg  contact  betweefi 
mating  surfaces  —  ^  : 


-  '1. 

Axial  load 

2. 

-Radial  load 

3. 

Friction 

4. 

^  Plastigage 

5. 

Plain  bearjng. 

6. 

Anti-friction 
bearing' 

7. 

Babbit 

8. 

'  Bearing 

^^^grush 

ii^es 

to. 

,  Pretoading 

 Each  half  oT^he  bearing;  extends  one  or 

two  thousandths  'of  ar*ii^ch  beyond  -the 
bearing  seat  bore  ^ 

ijVi    Adjustment  of  anti-friction  bearing  after 


^being  secured  in  the  'mounting 
List  four  functions  of  l^earingsl 

b. 
♦ 

c. 
d. 

Namertwo  b^sic  types^  bearings, 
a. 

0 

b. 


4.  •  ^  Discuss  ^oad  forces  pp/bearings. 


Match  the  types  of  bearing  oil  the  fight  to  their  advantages  jnd  disadvantages. 
 ^a.  Advantages 


1)  Require  little  space 

2)  Lov^'in -cost 
'     3),  Quiet  operation 

4)  Rigid  construction 

^b.  Advantages 

1)  Low  friction- operation 

2)  Can  be  packed  to  reduce  frequency 
of  lubrication  / 

3)  Mbrei  versatile,  many  designs;:^. , 


2. 


jc. --DisadvanteMges 

^1)  HigH  frictlGfti'  opergitidn 
2)  Require  more  frequent  lubrication 
because  they^cniwiol  be  packed-; 

_d.  Disadvantages  ^ 

1)  Require  more  space         .  '  * 

2)  Noisier  operation     ~      '  _ 
•3)  Higher  cost     .  - 

4)  Less  rigidity 


Plain  beSrings  ~ 
(bushlnp)  ' 

» Anti-friction 
bearings 


^ 


"'4'. 
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6.     'Match  the  ^illustrations  of  plain  begrings  to  the  correct  names. 
^  5olid  tjearjng  or  sleeve        ^       .  *         *  , 


1^ 


_b.  ^Split  bearing,  rolled  type 
_c,  ..Thrust^beamg  


_d.  Split 'bearing  with  sJeeLifack  lined  with  i)ronze  or  babbit- 
^e.  Split  type •  construQted  of  w63d,  plastic,  of  rubber 


_f.  Split  bearing  used  for  engine  crankshaft/  ' 


_g,  Sdlid  bearing  with  fluted  rubber  structure' 


r 


r 

,  s  • 


7.  _  List  SIX  materials  fr(5m  whicflliearin^^^ay  ^ 


•  V 


a. 

c. 

-.  d. 

^  1 

e... 

■f . 

tearings  jniay/bB-  •constructed. 


>  ♦ 


J48-B 


•7 


8.       List  ,thcee  factors  influencing  the  distribution  of  lubricant^to  the  hearings. 

a.  .    ^  /  * 


4^? 


9.       Name  four  common  niethdds  of  lubricating  bearings. 

a.  .   * 

b.  '  '    ^  ' 

*  •  « 

10.     T^ist  five  causes  of  bearing  failure  in  plain  bearings.  ' 
'a. 

b. 

"  c.  '  »  ' 

.  *  -  - 

1 

•  _       ■      /-  ; 

^tl.    *   List  f(Jur  reasons  for -bearing  crush. 

a. 


b: 

c. 
d. 


Nanie  three  types  of  antj-frlction  bearings. 

.  ■  -  ••   \ : 

a.     *       •  ■ 


7 


13.     v^List  three  conditions  that  determine' the  load  carrying  capacity  of  anti-friction      '  ^ 
.  ^^earings.   .  .        l  — >  ^  V  • 


A,' 

a.» 

•  f 

b. 

c. 

\ 


4^ 


\/--338 


■  ■■  a:  . 


-1 


*  14,  *Narr^ 


16. 


18. 


•a.  ^ 


b. 

c. 

d: 


e  four  types^crf  ball  bearing  races. 


List  four  design's  of  baH  bearings, 
a. 
b. 

C.  / 

List  five'typeaof  roller  bearings, 
b.- 

"  e»*  l^tt 
.17,       Name 'two  types  of  needle*  beariq^. 
r"  a. 

b..  % 
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Dispuss  mountings  for  anti-friction  bearings. 


0 
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19. 


Select  bearing  niaintenance' tips  by  placing  an  "X"  fn  the  approjDriate  blanks. 

a.  Work  with  clean,  approved  tools,  in  clean  surroundings  ^ 
 b.  Use  clean  solvents  and  flushing  oils  •  -    ;  * 


_c.  Install  new  bearings  as^they  cohie  from  the  package,  without  washing,  '  ^ 
if  they  are  received  in  a  sealed  container  -     -       '  . 


*  d.  Use  wooden  mallets  or  work  on  a  soft  wood:bencVi 


e.  Lay  bearings  out  on  a  clean  surface 


.  Handle  bearing?  with  dirty  or  moist  hands 


g.  Kee^p  bearings,  wrapped  *in  oil-proof  p&per  when  not  in  use^ 


_h.  Wfpe  beg^rings,  if  necessary,  only  with  clean,  lf|}j-free  rags 

i.   Expofe  bearings  te  moisture  and  dirt    .    *  ^ 

J.   Use  ^he  same  container  for  both  cleaning  and  final  rinse  qf  used 
•  bearings  ;  ^  '\  

_k.  Keep  lubricants  clean  when  appfying  them,  and  cp\^  the  containers 
when  not  in  use 


Demonstrate  the  ability  to: 

a.     Remove  and  tnstdll  a  plain  bearing.  ^ 


Remove  arid  ii(stall  an  anti-friction  Bearing.  " 

*  /'     -  -       ^  . 

c.     Check,  preload  bearing  s^etting,  sprfng  scale  methocj. 

(NOTE:  If  tfijBse  activities  have^ffpt  been  accomplished  prior  to  the  test,  ask 
your  instructor  when  they  sho^jld  be  completed.) 


3V 
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BEARINGS 
UNIT  V 


ANSWERS  TO  TEST . 


■f.  ■  ♦ 


•  1 
1. 

a. 

3     .^^    ^  f. 

7 

b. 

5    .  ' 

c. 

-„    :  h. 

6 

d. 

9            ^        ■  i. 

8  ^  '  t 

• 

e. 

4     '     ;  'I  j. 

■  10 

'  2> 

-  ' 

a. 

Support  the  moving  pai;t 

.  f 

b. 

Reduce  friction 

*  * 

c. 

Reduce  wear 

d. 
a. 

.Provide  a  replaceable 
Plain  bearings. 

wear  surface 

It 

.b. 

fKx\-^i^zX\ox\  hearings 

4. 

Discussion  shoufd  include: 

a. 
b. 


•Axial  load^orces  are 'those  forces  directed  endways 

*  *  *  .r         /  ,  V  .  r   *  .  ' 

Radial  |oad  forces  are  those  forces  directed  sideway^  br  perpendicular  to 
the  shaft .  '      '  *  ;  • 


6. 


a. 

1 

b. 

2 

c. 

i 

2 

6. 

b. 

5 

> 

•  c. 

•* 

4 

d. 

2 

r  r 


♦  ^ 


e.  7 

f.  3  ' 

g.  •  1 


t 

• 

O      '  .-1-?.. 

ERIC. 

i     ' .,  ■  •    ^' ' 

*  * 

.  .    ^              ,*i  » 

sr.  .  • 

In  ' 


Any  six.  of  the'^fptlowing: 

a.  Wood  .  . 

b.  Cast  inin  ' 

c.  Soft  steel 
d:     Hard  steel 

e.  .  Cpprper,  brass^  and  bronze 

f.  "  Copper,  lead 
Babbit 

-  h.     Aluminum  .-^ 
I.  Plastic 

j.^    Rubber  *  . 

*  &.     /a.     Oil  grooves  *  * 

Bearing  clearance 
^  c.     Bearing  surface  compatibility 
9.  ^   Any  four  of  the  following: 
.  a.     Qil^  can 
b.     Grease  gun 

9 

^  c.     Central.,grease  system 

d.  Oil  bath  splash 

•       -  i 

e.  Pressure  feed  syste/n 

10.       Any  five  of  the  following:    .  * 
"  *       a-   Dirt  ^ 

b.  Lack  of  iTibrication 

c.  Improper  assembly 
,d.  '  Misalignment 

'^^'^B^  Overloading 

f.  Corrosion    "    •  . 
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11.  ^.     Greater,  heaf^issipation  . 

b.  *    Insert  is  forced  to  seat  solidly 

c.  s  Insures  that  the  bearings^ remain  lound  '  ' 

V 

* 

"-6^    Avoids  ahy  p&ssible  movement  of  the  bearing  in  the  seat 

12.  *    a.  ^  Ball  ,    —  ^  - 

b.  Roller 

c.  Needle.   •  •  ,  ,       '  ^ 

13.  a.     Size  of  bearing  ^  ' 
DV.    Number  of  roNing  elements 


c.  Type  of* race  .    '  «  .  ' 

14.  '  a.  Conrad  '         '  •     *  * 

b.  '  Bull  type  '       ^      v  * 

c.  *-  Sp|it  race  5^  '  -   

^  Angular  contact 

15.  /"'  a.  Radial  load     -       '    ^  ,  .  • 

b.  *  Radial  and  thrift  bad   *  '  ^ 

c.  Self-£|tignmg,  radial  load 

d.  Thrust  load  •  / 
'16.       a.  Ra'dial  4oad,  *atraight  roller  ,  - 

b.  Radial  aod  thrust-load,  tapered  roller  ..  . 

c.  Self-alignln0,  radial  and  thrust.Lbad;  spherical  roller 
'^.^    ,    d.  Self-aligning,  radial  and  thrust  load;  concave  roller 

^  ^    e.  Thrgst  load  * 

17.       a.  Radial  load 


J* 


b.    Thrust  toad 


\ 


Discussion  should  include:  -  *  \  - 

a.  •  Shape  r^ust  not  be  distorted  \ 

b.  Rolling  elements  must  not  be  bound         c  \ 

•  \ 

\ 

c/  ^  Inner  and,  puter  races  must  be  aligned      •  \ 

d.  Axis  of  each  bearing  must  be  .aligned  with  the  other  ' 

e.  Usually  mounted  with  one  race  a  pr^SMft  and  the  other  a 

f.  -  .  Seals  are  used  to  retain  lubricant  and  exclude  dirt 

"* 

a,  b/c,  e,  g,  h;  k  . 

Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 
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SEALS 
UKIIT  VI 


UNIT  'OBJECTIVE 


/Vfter  completion  of  this  unitrthe* student  should, be  able  to  list  three^uses  of  seals  and 
name  places  wher«  dynamic  and' static  se,als  are  afeed.  The  studentThouTd  al  o  be /ble 
earTh'is  ?r?-"?T  ^^"'"^'^  thei^unctions  and  install  a  radial  'p  ty^e 

petlf  n'r t"e  demonstration  and  by  scoring  eigh  y!  it 


,  •  SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to:. 

•  1.     -:^atch  terns  associated  with  Seals  to. the  correct  definitions. 

% 

List  three  uses  of  seals. 

'Name  two  basic jy^s  of  seals  and  their  uses..  \ 
Nacne  three  places[  where  dynamic  seals -are  used.  ,*  ' 
Name  three  places  where  static  seals  are  used. 

6.  -Match  the  names  of  the  dynamic  seals  to  their  functions. 

7.  List  four  type*  of  static  seals.  -      •     ° ' 


2. 
3. 

4, 
5. , 


8. 


Name  three  cafagorjes^f  sealants:  '  • 

Demonstrate  .the-3b|ity  to  install  a  radia!  4ip  type  seal. 


7" 


JSEALS 
UNIT  VI 


•SUGGESTED  ACTIVITIES' 


I.    Instructor:  , 

4  ^  ?      .  \ 

A.  Provide  student  with  objective  sheet. '  ' 

B.  Provide  student  ivith  information  and.  job  sheets. 
.  C.    Make  transparencies.-"^-  ^  _ 

D.  Discuss  unit  and  specific  objectives!^  » 

E.  Discuss  information  sheet.       '  ,  " 

Demonstrate  and  discuss  therprocedures  outlined  1n  the  iob  sheet. 
■    -    '  ^  / 

G.  Display  several  types  of  dynamic  and  static  seals  ineluding  0-rings,  gaskets, 
and  diaphragms. 

H.  Give  test.  '  * 

...  "  .  _  -  . 

'II.    Student:  '  .  ♦     ■  -  t 

A.  Read  objective  sheet, 

B.  Study  information  sheet.  i^;  ^ 

C.  .  Complete  job  sheet.  *  *       "^vf:  v    -  [  w 


/^  '      '  D.    Take  test. 


5 


ITRUOTIONAL  MATERIALS 


I.    Included  in  thtis  unit: 

A.    Objective  sheet"  '  , 

.       B.     Information  sheet        .  •  • 
-  C.    TranS^pareocy  n^asters/ 

1.       TM  1*--Basic  Types- of  Seals 
.    2i      Tn/I^Z'-Dynamic  Seals 
-  *  ™  3rDynamic  Seals  (Continued) 


158*B 


•  4,    '  TM  4-*Dyn^mic  Seals  (Confihued)       *       ^\        -  ^ 

5.  -  TM  5-Dynamic  Seals  (Continued)       -  , 

6.  TM  6-Dynamia  Seals  (Continued) 

\        ^  -  ^       ,  ^       •    .      ^  'J 

"7-  TM  7''Dynaniic  Seals  (Continued)  ^  ^  \ 

8*  TM^S-Dyndmic  Seals  (Continued) 

'  *  ^^^^  »  * 

9,   .  Tiyi  9--Dynamic  Seals  (Continued)-       -  '  * 

10.  TM  JO-Dynamic  *Seals  (Continued) 

^11,  ^  TM  11--Dynamic  Seals- (Continued)  ^  ' 

'12:  TlVt  12"Dynamic  Seals  (Contmued) 

.13/  TM  13-Static  Seals .  -    '      "     -     <      .  ' 

14,.  TM  14"Static  Seals  (Con'tiniied) 

15.  TM  15--Statip  Seals  (Continued) 


4 

\  6 


A"  ■ 

Heference-Fundamehta/s  of  Servioei  Bei$cings  and  Sea/s.  MoVme,  JImois:  Deere^ 
and  Comply,  1974.  ^   '  "  .         ,  ^ 
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SEALS 
UNIT  VI 


INFOR'MAftON  SHEET 


Terms,  and  definitions      '  , 

A.  ^Dynamic-Moving;  relating  to  force/^  "  * 
R.    ^tatrc-Without  motion;  still  or  fixed 

G:   "Sealant-Similar  to  gaskets  except  applied  as  a  liquid  or  paste 

D.  -  Static  seal-Device  which  maintains  a  Barrier  against  the 'transfer  o.f  fluids 

across  two  mating  surfaces  vvhich  do  not  move  relative  to  each  other 

E.  <  Gasket-Type  of  static  seal  "       '  * 
Uses  of  seals" 

A*  *  To*-keep 'ip  fluids  * "        ^  ^"         '  ' 

B.  To  keep  but  djrt  ^  ^  i 

C.  To  hold  pressures  or  vacuums 

Basic  types  of  seals  and  their  uses  (Transparency  1)  - 

A.  Dynamic-To  seal  moving  parts   '  ^  •  » 

B.  Static^-To  seal  fixed  parts 
Places  where  dynamjc  seals  are  used 

A.  Shafts  and  rods  >• 

B.  Compression  packings  '      -     '  -  _ 

C.  '    Piston  rings         *  *  **  , 
Places  wliere  static  seafs  are 'used 

A.    As  gaskets  .  ^'^^^^ 


B.  0-nngs 


e.  'Packings      ^  ^ 


INFORMATION  SHEET  '  .  > 

/  *  * 

amic  seals'and  their  functions  (Transparencies  2,3,4,5/6,7,^9,10,11,  and  12) 

^    *  ♦  .  ■ 

Radial  lip  seals-Used  on  systems  which  have  moving  shafts 

(NOTE:  Up  seals  may  be  bonded  or  assembled  and  are'cfassified  by  lip 
tyjDes:  sing[e  lip*  double  lip,^and  dual  lip>)  ^  /  . 

Exclusion  seals-Used  to  prevent  entry  of  foreign  material  into  the  moving 
parts  of  machinery  ,  ' 

•  '     ■  ^  . 

(NOTE:  Exclusion  seals  are  classified  into  foutv^eneral  groups:  wipers, 
scrapers,  axial  oseals,  anci  boots.) 

Clearance  seals  -Limit  leakage  by  closely  controlling  the  annular  clearance 
between  a  rotating  or  reciprocating  shaft  and  stationary  buShing 

(NOTE:  Clearance  seals  are  classified  as  labyrinth  seals  or  bushings  (rings) 
and  some  leakage  is  permitted.) 

\   ^  .  . 

Ring  seals-Depend*  on  *'slirface,  contact  between^  the  seal  and  the  moving 
part  and  the  seal  and  the  stationary  part  *  •  * 

(NOTE:  Ring  seals  are  SDlit-r^ng  type  for  reciprocating  parts  and 
circumferential  for.  rotary  c-part?.) 

Face  seals- Form  a  running  seal  between  flat,  precision  finished  surfac^es 

(NOTE:  All  face  seals  have^a  l^tating  seal  ring,  stationary  seal'ring,  spring 
loaded  devices,  and  static  seals,) 


Compression  packings-Create  a  seal  when  squeezed  between  the  throat  of 
a^  stuffing  box  and  its  gland 

*  • 
(NOTE:  Three-classes  of  packings  are  fabric,  ^metallip,  and*  plastic.) 

Molded  packmgS'-Fluid  bling  sealed-  suppjies  the  pressuj-e  to  5eal  ^he 
packings  against  the  wearing  surface    -  W  ^ 

TNDTE:  The.  major  types  are  lip  ^nd  squeeze.  Lip  type  packings  include* 
flange,  cup,  U-cup,  U-ring,  and  V-ring  packings.  Squeeze  types  include 
0-rings  and^  related  forms*  plus  felt.) 

piaphragrr?^  seal^-Dividing  membrane  which  spans  the  gap  between  a  moving 
and  stationary  member  %  ^'  .  ' 

r 


(NOTE:  Diaphragms  are  two  types,  *  rolling  and  flat.  The  rolljhg '^re'^URe 
long  travel  bellows.)  '~  __\ 
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'  INFORMATION  SHEET 

^      VII.    Types  of  static  seals  .(Transparencies  13  and  J4) 

A.  Ngnmetallic  . 

B.  Metallic 

C.  Static  0-rings  (nonmetallic}' 

D.  .  Static  0-rings  (metallic)     <>        *^       -  ' 
VIII.    Categories  of  sealants  (Transparency  151 

A.  Hardening  types 

B.  Nonhardening  types 
4  b.    Tapes  r 


V 
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Dynamic  Seafs 


Assembled 
Seal" 


Double  Lip  Seal 

One  Lip 
Spring-Loaded 


Radial 
Lip  Seals 


Single  Lip  Seal; 

Not'  * 
Spring-Loaded 


Dual  Lip  Seal 

Both  .Lips 
Spring-L6aded 


Singje  Lip  Seal 

Spring-Loaded 

A'  ■  ■  ■ 


7  • 


I, 


1 
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Sealing  EdjgQ 


ContaQt 
Pressures^ 


Bqre  ' 
Housing 


Dynamic  Seals 

(Continued) 


Exclusion  Seals 


Contact 
Width- 


Lip  Height 
Lip 


Rotating -Shaft 


Mating,  Ring 
. Sear  Ring 


Groove / 


km 


■1 


Shaft 


ll^eieararice 


'  Spring  Member 


Rotate 
Fixec 


Housir 


RadiartxciuM  Se^r 


Axial  Sjeai 


Dynamic  Seals 

(Continued)  / 


W 

Conical;  Scraper        Ring  Scraper 

*  ,  Scrapers 


'  Proprer  Operation       Lack  Of  Contact 

Pressure 

Exclusion       ,.  •    ,  - 

-Seals    "      Lips  Of  (Wiper  Seals 


r 


DynamiG  Seals 


Cgver  Ring 


Back  Ring 


Extension 
Springs 


Compression 
•  Rings-  ' 

on  Ccfntrpf 
7^  f^mgs 


Ring  3eaJs 


Circumferential  Seal 


Ringyloint 


Splil-Rlng:Se^1s.; 
OjiiAn  Engine  Piston, 


,  Fluid 
.Pressure 

.  Seafl  Rrng 


.cylinder' 
Wall 


Piston  ^ 


.^ERIC 


How,A^pfit  Ring  Seiais 
'355. 


% 


Seal  Face 


Dfnamic  Seals 

(Continued) 


Metal  Bellows  Seal 


Tongue  And 
Grdpve  Helps 
Seaif  Against 
CohtaminatiQ^ 


Strips  Or  Knrves 


►Spring  J.oading  Device 
(Opposed  ,Washer€) 


Static  Seal 


Housing  (Stationary) 


Statidnary  Seal  Ring 


Static"  Seal 


Labyrinth  Seal 
(Clearance  Sea 


Rotating  Seal  Ring 


Rgtating  Sfiaft  ; 

*  * 

Face  Seal 

(Axial  Mechanical  Seal) 
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mc.  ■ 


Dynamic  Seals 

(Continued) 


Braided 
Core 


Soft  Core 


Diagonal 
Laminated 


FabriG.Packingsf . 


Ro^ 


Cylinder 
Wall 


Inside-Packed 


ERIC 


^^ided 
Gore 


TVpieal 

Com0Fe§^ioh 

'  .  .  •        "  .t  ^ 

Packings 

*       .  •  ^ 

InsidJ^od 
r  Outside- 
Packed 
Installations 
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Metal 
Core 


Metallic  Packings 


Back  Support 
Ring 


Outside-Packed 


Insfde  , 
Support 

""Ring  , 


Stop 
l\kit 


Piston 


(Continued) 

D  .  p  . .       Piston  Rod 
^         '  Rod  Guide  . 

^^O-Ring,  \  V: 

V-Packing  .  ^    /-n  T\'  C 

■  1  >^    r\r\  wm\). 


Wiper  Seal 


V-Papkings  0-n 


Piston 
Retainer 


Piston  Installation 


Dynamic  Seals 

(Continued)  - 
TypicarU-Cup  backings 


:  Ring 


J  Leather  U-P^cking  Supported 
By  (\/let5l  Pedestal  Ring  Drille.cU  • 
Cross-Wise  To  Equalize  Pressure. 


Packings 


.    ^    U-Ring  Packing 
-  (Leather-Type  Sho^nf  i 

'  Outside-Packed  Installation 
With  Ring  And  li-Gup  SuppQrted 
On  A  Pedestal  Ring  Drilled  - 
Cross-Wise  To  Equalize  Pressure. 


Leather . 
Back-up 
Washer 

■  I 
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Inside-Packed  lns,tgllation 
For'^A  Si ngfe- Acting  Pistoi^ 


Clearance. 


U-Cup 


Metal  ; 
Support 
Ring 


Dynamic  Seals 

.(Continued) 


1 


numi 


Diaphragm 
Seals 


Roiling  Diaphragm 


ThreadecJ 
l^j^C  Gland  . 


Packing 


Molded 
Packings 


Flat,  Djapbragm 


.  Piston 


Sleeve  Prevents 
Transfer  .Of  Loads 
Beti/een  Cups 


Cup 
Packing 


Flange  Packings 


P-Ring 


.  tup  Packings  for  . 
y  Double -Acting  Unit' 


Dynamic  Spals 

(Continued) 


1 


Molded  Paekings 


I  Force 

m 


Correct: 
Slight,  Squeeze 

|,  Force 


lncorrec?t: 
Too-Lapgsl  Ring. 


P-RJng  Squte 


Incorrect:  • 

No  Rolling  Action 


Correct: ]f  . 
Rolling  Action 


» 

Squeeze-Type  Packings. 
(0-Rings  Shown)  ^  . 


O^fiing-Rolling  Ajition 
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Swollen  0-Ring: 

Cise  of  Vyrong  Fluid 


CatO-Ringf  . 

.  Shaft  Damage 
or  Instatled^Wrong 


Dynamic  Seals 


(Continued) 


Flattened  O-Ring: 

Use  of  Low-(?frade 
Rings 


0-Ring  Failures 


-  Dirty  0-Ring: 

-     Poor.  Storage  or 
'^f  Contaminated  *  System 


Twisted  0-Ring: 

-  installed  \A7rdrig 


Worn  0-Ring: 

La'ck  of  Lubrication 


Cracked  O-Ring : 

•Too  iVIuch  Heat 


Static  Seals 


A 


5* 


Npnmetallic 
Gasket 


l\fonmetallic  Gaskit 
In  Low-Pressure  Application 


ERIC 


Metallic  (Comhination)  Gasket 
On  Engine  Cylinder  Head:  , 


Gylihder 
Head 


363 


D6wer 


Head 
'  Gasket 


Dbwel 


Static  Seals 

'  (Continued) 


ERIC 


Typical.  Metallic  0-Ring 
likStatic^Use- 


364' 


Nqnrrotellic-Stafic  O-Rings 
In  Flange 'Joints  ^ 

(two  Mes  6^Rectangu^atM 
Grooves  Sfiown)    . : 


Static  Seals 

-  (Continued) 

Sealants 
Are  "Gpskets"  > 

ich^^lApplied  In 


Liquid  Or  P^^t^kF^ 


"Thrift 


ERIC 


Teflon  Tap^e 


36; 
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SEALS 
UNIT  VI 


JOB  SHEET  #1--INSTALL  RADIAL  LIP  TYPt  SEALS 

I.    Tools  and  materials 

A.  Seal  instaltetion  tools  recommended  irvappropriate  service  manual 

B.  Gasket  cement  -  i 

C.  Emery  cloth 

D.  Basic  hand  tool  assortment  * 
Shop  towels  (lint  free) 

F.     Appropriate  service  manual  ^       .  - 


7 


G.  Safety  glasses 
Procedure 


A.  "Cleao  the  shaft  or  bore  area  ancl' ins'pe'cf  Tor  damage"'"       ' ' 

.        B,     File  or.  stoae%iy' burrs  or  bad  nicks  and  polish  with  fin^  eme^/  cloth  to 
^  a  ground  finish  «  *  ^ 

'  .  — C.    Clean  area  and  re^nove  all  metal  particles       ^  * 

D.     Lubricate  the  seal,  especially  ar;iy  lijosf  and  the  shaft  to  ease  installation, 
using  the  system  fluid  to  lubricate  .^e  seal  and  shaft 

'  i» 
(NOTE:  On  seals  with  single  lips,  the  lip  should  norrpally  face  in  toward 
the  system^lubricant.  This  is^  usually  the  garter  spring  side.)_ 

.  E.*  With  meta^  cased  seals,  coat  the  seal's  outside  diameter  witK  a  thin  film 
' ,  of -gasket  cement  to  prevent  bore  leakage,  and  do  not  allo\ArBxcess  cemenf^ 

.  *    .  J:o  run  onto  sealing  lip?  (Figure  1)  ^    '    ■  , 

(NOTE:  Precoated  seals  .do  not  require  ctement^Aon  the  bore  fit,) 
■  —  .      '  ■  ^ 


T^KMucK  Sealant  On  Cqse 
H^^^nto  Sealing  Lips 

'  figure'i 


ERIC 


,       I      'job  sheet  #1 

F.     Install  the  seal  (Figures  2  and  3) 


(NOJE:,  The  use  of  a  factory  specified  installation  tool  may  be  required. 
This  is  very  important  with  pressed-in  seals,  *lf  a  seal  drivinq  tool  is  not 
available,  use  a  circular  ring  such  as  an  old  bearing  race  that  contacts  the  seal 
case  near. the  outer  diameter,  or  use  a  square  wooden  bj^k,  *Do  not  use 
sharp  tools,  and  never  press  on  the  sealing  lip,  only  the  outer  metal  case.) 
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JOB  SHEET  #1 


Protect  the  sealing  lip  when  instalMng  the  seal  over  sharp  corners  of  shafts, 
key  ways,  or  splines  (Figures  4  and  5)     '  • 

(NOTE;  Shim.  s!ock  can  also  be  used  to  protect  seals  .when  installing  them 
over  sharp  edges  such  as  shaft  spjines/  Place  rolled  plastic  shim  stock  over 
the  sharp  edge,  then  pull  it  ouFafter  the  seal  is  in  place.) 


\ 


FIGURE  4 


FIGURE  5 


H.     Drive  the  seal  in  evenly  to  prevent^"cocking"  of  the  seal  (Figures  6  and  7) 

(NOTE:  A  cocked  seal  "Allows  bif  to  leak'  out^aKd  dirt^to'  enter^aFshownV 
Be  careful  not  jo  bend  or  ^"^fsh*'  the  flat  metal  area  oftnetal  cased  seals. 
This  causes  th  *  lips  to^  be  distorted.)     .  % 


.Dirt 
Entry 


FIGURE  6  _ 

Cocked  Seals  Allow  Dirt  To  Enter 
And  Oil  To  Leak  Out 


Seal  Lips 
Facing  Inward 
Toward  System 
Lubricant 


Seal  Fully 
Seated  In 
Bore  All 
Around 


Spring  Seated  ' 
Fully  In  Groove 
Behind  Lip 


FIGURE  7 


Shaft. 
Lubricated 


Pressed  Un 
Outer  Metal  ' 
Case  Only 
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JOB  SHEET  #10 


^    After  assembly,  always  check  the  unit  by  hand-far  free  operation,  if  possible, 
before  starting  up  the"*  system  '     '        /  ^ 

(MOTE:  Try  to  prevent  dirt  arrd  grit  from  falli.ng  on  shafts  and  being  carried 
into  the  seal.*  This  material  can  quickly  damage  the^'seal  or  score  the  metalc 
surfaces.) 

J.     Run-  inr  new  Hp  type  seal  (checking)  \  -  ^ 

(NQTE:  When  a  new  lip  type  seal  is  installed  t)n  a  cleao  shaft,  a  break 
in  period  of  a  few  hours  is  required  to 'seat  the  seal  lip  with  the  shaft 
''surface.  During  this  period,  the  seal  poli^hj^^  pattern 'on  the  shaft  and 
t,he  shaft  in  turn  seats  the  lip  contact,  V/earrpg  away  the  knife-sharp  lip' 
contact  tO'a  narrow^ band.  ^During  tl^is  period,  slight  seepage  may  occur. 
After  s^ing,  the  seal  should  perform  withoUTt  any  napa$urable  leakage.) 


SEAUB     .  • 
UNIT  VI 

_  •  NAME 

T«eST 


Mftch  the*terms  on  the  right  to  "'the  correct  jdefmitions. 

 ^a7  l\^vmg;  relating  to  force 

 b.'  Without- motion;"  still*  or  fixed  * 


_c.  Similar  to' gasl^ts  except  applied -as  3 
.  ■'liquid  or  paste.  ^ 

^d.  Device- which^maintains  a  barrieragaihst  ^ 
the  trans'fer  of  fluids  across  two  mating 
'  .surfacfe^which'^do  not  move  relative  to  , 
each  other  v  ^  - 


J  e.  Type  pf  static  seah 


1. 

Static  seal 

2. 

Static  a 

C 

3. 

Sealant 

4. 

Gasket  . 

-Dynamic 

V* 

List  three  uses».of  'seals.' 

a.  . 

b.  f.       •  .  ■ 

Name  two  basic  types  of  seals  and.  their  uses, 
-a.-       ,        .  ^  "        \        ^         /  ^ 

Name  three  places  where  jjyns'mk:  sefals -are  j»»sed. 
a.    ■  '       "  •      ■  .  * 

three  places  where  static  seals  are  used*,  -  . 


198'B 


*0 


Match  the  names  of  the  dynamic  seals  on  the  right  to  th^r  functions., 
'  a.  Used  on  sVstems,  which  have  moving        1.     ,  Ring  ^eals 


shafts 

Jd,  Used  to  prevent  entry  of  foreign  ma^rial 
into  the  jrioving  parts  of  machinery  , 

__c;~-tnmit  leakfigfe  by  closely  controlling  the 
'  annular  clearance  between  a  rotating  or 
$  recrprocating    shaft    and  "^stationary 
^  bushmg  /  I  C  ^ 

1  ' '  »     '  -  * 

^6.  Depend  on  surfa^ce  contact  between  the 
seal  and  the  mov^gg^jDart  and  the  seal 
and  the  statFonary'  part  - 

_e.  Form  a  run^ng  seal  betVveen"^  flat, 
"*    precision  finished  surfaces 

J.  Create  a  seal  when  squeezed  between  the 
^    throat  of  a  stuffing  box  and  its  gland 

J.  Fluid  being  sealed  supplies  the  pressure- 


2.  ^ '  J^adial  lip  se^ls 

3.  Fac&  seals  ^ 

4.  •  Molded  packings. 

5.  Exclusion  seals 

6.  Clearance  seals 

7.  /  bia'phragm  .seals , 

8.  Compression ' 
packings  ^ 

V 


to  seal  the 
surface 


packing  against  the  wearing 


_h^  Dividing  membrane  Which  spans  the  gap 
,  between    a  ^  moving    and  ^atibnary 
member     !  >         "  ' 


7.  *    *  Lisf'  fpur'  type§  of  stptic  seals, 
o'     a.  *     ^  < 

b. 

f 

,  I  c. 

d,   ■  \ 

8.  Name  .three  catagories!  x)f  sealants, 


a. 

b.-  -  ■     '  ' 

9. '\   ^^Demonstrate  the  abilitV  to  install  a  rad 


(NOTE:  If  this  activity 


instructor  when  it  shoi^ld  be  fcompletec 
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iai-  lip  type  seal, 


has  uot  been  accomplished  prior  to  tl5e  test,  asK'5'our 


seals; 

UNIT  VI 


'  D  -  199-B 
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JkNSWERS  TO  TEST 


1. 

a. 

.5 

b. 

/ 

-  »        ,  V 

c. 

3                      *   .  . 

'd. 
'  •e; 

*                                                              **  » 

1  .  , 

4  '             V  ■ 

* 

a. 

To  keep  in  fluids  » 

b. 

Xn  I^APn  niit  rlirf 

c. 

*       hold  pressures  or  vacuums 

.  3. 

a. 

Dynamic-To^.seal  ^novlng  parts 

.b. 

Static-Tp  sear  fij^:ed  parts 

4. 

.  a. 

Shafts%and  rods 

b. 

Compression  packings  • 

c. 

Piston  rings  ^ 

5. 

a: 

As  gaskets                  >  ^ 

b. 

0-rings 

c. 

Packings  ^        *  ^  / 

*      -6.  " 

al 

*                               •  • 

♦              ^  A 

b. 

,  ^                   i  " 

•  1 

n 

c. 

i                 ■  . 

6  .  . 

,d. 
e. 

t          •           \  - 

• 

•  ^ 

f. ' 

ft. 

8    '       .     .  . 

7  ' 

i 


,.^.^V:        ,  Vv 


1 
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4^. 


9.- 


'  a.     Nomnetallic    •  -  " 

.,.b.    Metallic  \    \  '  ,  -  ' 

Static  0-rings  (nonmetallrc)         -  _ 
^         StatiC'  Q-rings  (metallic)  .    *    *  * 

a.  Hardening  types   _  ■      -      .       .  "  ' 

b.  '^Nonhardenirfg  types        ^*  ^  *      *  v 

c.  Tapes  '  *  ^^--^^ 

;  Performance  ^skill  evaluated  to  the  satisfaction  of  Iji.e  instrucfort 


V 
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•  CY-LINDER-JheAD  ASSEMBLY" 


UNIT..  I  .;■ 


UNIT  OBJECTIVE 


After  completion  at  this  unit,  the  stutlent  shouUf  bd-able  to  dfeassemble, jnspect,' 
jecondrtion,  and'a^nrible  a  cylinder  hea^  antf^ifs  cQntaimng:parts.  THi^^  knowledge  will, 
be  evidenced  through  demonsjratfdh  and 'by  scoring  *eighlV"five  percent  Ibn  the' unit  test  ' 


.."     :,     .  V  SPEGIFIC''&BJECTI.^ES.  .'\-^\r 

After  completion  of  ttjis  unit;  the  ^udent^Shbuld^.b^^ble' to:l 


i: 

2. 


J\/Iatch.-.terms  .associated  with  the  cylinder  head  to  the-coVrect -deiflnition. 


IV^nejTiajDr- part^^  in  a  cylinder  head  aasemBly.    *. ' 

3/  '  Name'* three. forms  of  cylinder  head  caftings  that  may  be  fo^und  on'a  diesel  ' 
J       -enginfe.        '    .  ^    '     \'*  "r  -  -  -^z  -  ^. 


'5: 

6: 

-7, 
'8. 
9. 


IfleMify  th^  primary  parts  of -a  v^fve ^assembly,  .  . 

'  >   '  ^  ^  C  ^     '  ^  '  ^   '     .      -      -    ,   .  ' 

-  *  » r*       -     '  .   "  '    "  ^ 

List  twp  ty^esiof  valve^Yotators, ,  "  •  -  ^ 

.  l\/ratch  valve  arrarigemeat'to  thertype  of 'engW-'head  '  •  - 
List  two.  locations  for,  turbyj6Rce:"/hamb*ecs  'm  an.  engine. 
Identify  three  fornjs;  of  erigine/v&lvesiJ'*    *  •  • 

•  '  -  *^  ^     J  -  T     '     ^  ^  ^  -      ^      ;  , 

^Demonstrate  the  ability  to:  >-^,  *  :  ^  .  -  .  -  J*"'  ' 
a.  Remove,  InsfDetxt,  andM^St^ll  a  cyIindeK4Tearf. '  • ,  ^' »  . 
4)?  ^Disa$sem6le  and  service  vafve  traW.  ^J^^ 


c.    Service  valve  guides.  Valve  .se^s,  valve  »ariftsehi  aHa:as^bfe  valvt^'  \ 


5*  . 
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CYLINDER  HEAD  ASSEMBLY 
UNlf  1. 


SUGGESTED  ACTIVITFES 
4  •  ^ 


< 


1.    In^ructdr:  '  *  . 

Provide  student  with  .objective  sbeet.  ' 

'  -  'I  * 

•  •-        .  '  .  • 

B.  Provide  student  with  information  and  job  sheets.   *  '  ^ 

^  >  '  V  • 

C.  Iwakp  transparencies.  -  -     »  *  '  ^• 
^D.    Discuss  unit  and  specific  objectives. 

E./  Discuss  information  sh$fet.       ^   .   ,  ^" 

•  F.  D.emon^trate  and  discuss  the  procedures  outlined  in  the  job.sheets, 

.  Give  test, 

*IK   Student:  *  .  %^ 

A.  Reafi  objfecjtrve  sheet. 

^    ^i-B.  Study  information,  sheet.   »  ,    r      -      •  * 

-  *  "C.  Complete  job  sT)eets.      .  ' 

.  ^    D,    Take  test.  j  -  " 

'  i       '  j^?^'  ^         ;'     .  •  .       !    ,  c  » 

INSTRUCTIONAL  MATERIALS  ' 

.   I.    Included  in  this  unit;     '         ,  *  ^  • 

A,    Objefctive  *sheet    .  >  •  '  .        *  ^ 


B'..    Inforjjjation  sfleet 
'  C.    Transparency  njasters.  •  * 

*      i;       TM  1-V^alve  Assembly        ,  « 

•  ;  '     .  2,    r  TM  2-yalVe  Rocker  Arm  AsWmbly 


3.     ^  TM  3--Energy  'Cell 


TM  4-Valvfe  and  Fu3l  Injector 


ERIC 


5-Primary  Parts  of  a -Valve  Assembly,, 


valve  Assemt 


'    Of      TM  6-yalve  ,Rotajtors 

7.  ^    TM'  7-Valve  Arrangements  and  Turbulence  Chambers 
'8.  ^TM  8-Forms  of  Engine  Valves  .   ^  *  ' 

D.  Jo^  sheets   ^  #  ^ 

'  '       T,^     Jlob 'Sheet  #1-Remove,  Inspect,  and  Install  CyJinder^^Head 

2,       Job,  Sheet  >#2-Disassemble  and  Service  Valve  Train 

'  3.      'J6b  Sheet  ^#3--Service  Valve  Guides,  Valve  Seats/  Valve  Seat 
inserts,  and  Assemble  Valve  Train  ,  ' 

E.  ?^  Test  /  '  , 

F.  Answers  to  test  '  * 

References:  .  * 

.    \         .  .      '  ,    *  ^ 

A.    Fundamentals'  of  Service.  Moling,  lllinojs:  Deere  and  Corhpany,  1972. 

*B.    'Shop  Manual.  Columbus,  Indiana:  Cummins  Engine  Company,  1974, 

• ,  * '    *  .  'V 

C.    Kates," 'Sogar  ;  J.  Dfesel  and  High-Cornpressiori  Qas^  Engines.  Chicago: 
American  "technical  Society,  1974.  /         -  ' 
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-  CYLINE)E.R  HEAD  a<\SSEMBLY       .  •     "  • 

...  .  .  j      UNIT  1^  • 

,     ll\FOBMATION  SHEET  '    ^  ■ 

Terms-  and  definitions  /  * 

A/  Service-To  cleanjjnspect,  lubricate/ and/or  adjust  ! 

•        »    '  •  "  <t  *  r 

B.     Poppet  valve-Disk  with  a*  stem  that  rises  perpendicularly  to  oj.^rom  its 
seat  and  is  opened  by  a  cam  ahd  closed  by  a  spring  (Transparency  1) 

C;    Valve  seat-That  part  in  the  head  upon  which  the-^vaJve  face  fests  to  close 
the  port  (Transparency  1)  *       *  •  \  . 

D.    Valve  guide-Hole  ^hreu^gh  which  the  stem  of  the  valve  o^^ses  (Transparency^ 

1  y 


D  -  5-C 


f 


(NOTE:  Some  guides  are  pressed  into  place  and  others  ar?  drilled  into  head 
metal.)  •  ^  x.     ^  , 

E.  Valve  spring"4Helfcal  spring  Ajsed  to  close  the  valve  (transparency  1)  ^/ 

F.  .  'Valve  spririg  retainers-Holds  the  valve  springori  the  valve  Stem   '  * 

G.  .i^Rocker^arm  shaft-Serves'fs.a- tuicrunr  for  rocker  a rrr^^' (Transparency  2}'  f-  '  ''^ 

*  ■'_    ^  "      '         \     '  ' 

H.  'RoQker  arnr\--Lever  tbat  transmi^tflbe  action ,  of  the  c^m  to  .the' stem  of  V 

valves  (Transparency  2)  •  J  ~  '  ^ 

,.    •  fiocker  arm  asseraBry-Shaft^/focker  arm',  and  cam  follower  (Transparency 

•  _  '  >'    ■;.    • . "      r-?  .  :  - ■  .  ■  .  ■/ 

.    .Cam  fofbwer-lntermediate  cqntact'  between  camshaft  and  valve  stem  , 
:    (Transparency  2)*      -  *    ^     *   "  V  "  .      '   •     .       ^j/'^  • 

(NOTE:  This  is  sometimes  fcalled  a  valve  lifter.)  0 

<.    Energy  celN-Speciar  removablp'^rombustion' chamber  f^iT  higb^sp^ed  diesel  ' 

engines  CTrahsparency  3)       /  '  >    *    \.         ^      '  '  ' 

'  Turb6lence--High  velocity  swirling^of  air  within  the  dombustion  chamber 

/!-.    Valve  seat /anale-Angle]  between  thte  ;seat  surface  and  the  cyfindei^  head 
surface,,  either  30  or  4j54degrees  .    '  ^         \  -  '         ^  *       t      '  . 

W    Torque--A  twistia^^fort  .  '   *   .  '    ^'  'I  * 


•6-C 
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INFORMATION  SHEET 


( 


0.    Torque  wpnch--Wi^h  useH  to  draw'  nuts  to  a  specified  tension  by'" 
measuring  \the  twistina  effort  in  foot-pounds 

P.     Foot-pound-Equivalent^to  raisirig  one  pound  a  distance  of  ye  foot 


Q.    Fuel    injector-^lVleters  ana^/f^rays  fuel   into  the  combustio?!  chamber 
(Transparency  4)  f    •  '  ^ 


R.    Fuef  injection- no2?1e:-lnjectsMuel  under  high  pressure. 
II.    M^jor  parts  usually,  found  in  a  cylinder Ihead  assembly  (Transparency  4) 


A.^  Intake  valve 
B-    Exhaust  valve*  - 
C:    Rocker  arm  * 
D,    Fuel  injector  or  nozzle 
^  E.-  Cam  followers  '1  i . 

F.  •Fuel  injectoM^u&^^iv"" 

G.  -'  Valve  guides/  'X,/ 

H.  VaJve' seats 

■III..    FQTO$-ot-cylinder  head  castings 
A.    Single         -      ^      /  ' 


(NOTE:  This -covert  one  "(Cylinder.) 
-B.    Multipie_       *  .1 


"7" 


-  '{NOTE:  This^covers  two  more  cyl]n(i^rs.)^ 
C.    One-  piefce  ' 

(i\K)TE;  li^is  covers 'all  cylinders.)"' 
Primary  parts  of  a  valve  assembly  (Transparency  5) 
^'.A.    Split  coNar  retainers  (vaive  keepers) 


ve  spring  cup  - 


C.  _^atve  spring 


#  *D,  Valve 


0 
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A' 
1  . 


^4-  * 
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'    '■  INRORMAHON  SHEET  '• 

V.    Types  of  valve  rotators.  Hr'ansparency  6)  ^  % 

A.  »;  Rele^^^type 
^--BT  Positive  type 

VL    Typical  valye  ^rrangernents  ^Transparency  7) 
.A.    I-J^d-Both  v^ves  above-cylinder    ^  ^ 
"  '  Br  ^-tfead"Both.val\/es  above  angled  CYlin(^efs^(V-block)     ■*  ' 

^   ^^^^'^"^  ^^'^^  9t)ove  and  one  to  Iside  of  cylinder 
<;         D:  :V-H^cl^-Bbth  vatves'to-side  of  engine  (valvejn  block) 

(NOTE:  Thfe  F-Head  ai^d  L-Hea*  6re  not  used  much  due  to  the  trend  toward 
valve-in-head  engines.) 

.VII.    Locatibns  of  turbulence  /iambers  ^Transparency  7) 
J  A-  /  Chamber  in  .cylincter  head 
/  '  ^  B>  jpharflber  in  pi^on 


d  \  /VII1,>  Forms  of  valves  (Transparency  8)'»  "  .-^^'^V^,*^"  -  ■*> 

•  ^-"V-j^     A:-   Standard    "  '  -       .  - 

^K>^'  ■  /K '  Tulip  •  •  •  . 


C.  Flat-top 


1 


•  V 
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Rocker  Air/i 


Valve  Assembly 

Ro 


.Valve 


Cylinder  Head 


Cylinder 


amsnaft 


locker  Arm  Pushes  Here 
Springs^. 

r 

Stem 


Cylinder  Head 
Connecting  Rod  Guide-^ 


Seat 


:   > :  •  .  ln-Line<BIcf(iCSr  X        -      Valve  Head 


Valve  Rocker  Arm  Assembly 


Rocker  Arms 
"^1  1  Shaft 


Rocker  Ami 


Brackets 


\^  Boller-Tyfla  Foijower 


Cam  Follower 


Valve 


Push  Rod 


Camshaft 


!Flat  or  Mushroom  Follower     .   Pl'ypted'  Fpllow 


Pi</oted  Pin  Follower  with  Rollej 


TP" 


Energy  Cell 


1 


Side  View 


<? 


Nozzle 


Two-Part  < 
Energy  Celf 
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'  Top  View^' 


^gy  Ceil 
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%wo-tobed  Main 
'  Xoriibustfim  ghamher 


-  / 

/ 


[:eric. 


Rocker  Arm 


Cam  Followef 


Valve  Bridge 


Injector 


Primary  Parts  of  a 


Split  Collar  Retainers 


Valve 'Spring  Cup 


^  ERIC- 


Starrdarci 


i/ERIC  ^ 


Fonns~of~Engine~Vatve^ 


Flaft-Top 


GYUNPER-^HEAD  ASSEMBLY-^  — ^ 

UNIT  I     .  '  -'I  , 


JOB  SHEET  #1-'REM0VE,  INSPECT,  AND  INSTALL  CYLINDER  HEAD 
I.    Tools  and'  materials  '  '  *  ,  ' 


A.-  Steam  supply 


B..    Compressed  aij  supply 

•  C.    Chain  hoist  of  sufficient  capacity      '   .  -  •  " 

^  D.    Brass  hammer  ^ 

•  ■  ^  - 

E.  Torque  wrench    ^  ^ 

F.  Straight  edge  ^      . .  , 

G.  .  '^Feeler'.^auge  ^  ' 

H.  Head^  gaske^:raper  ^  ,  '  : 

I.  Wire  brush  '  • 

J.     Basic^hand  fobr^ef     '   *  ,  •  -  " 

K.  ^  New  head  gasket   .  \        *  *     '  • 

L, '  Shop  towels  ; .        '  •  " 

M.    Eye  -  Protection/  *  "  .  " 

"        '  ft " 

Procedure      '  '     ' "     ,  ^ 

»  * 

.A.    Remove  cylinder  head,  "  * 

■■  .     'k        .  "  ■  ^ 

0  ,        I—     Check  for  |o)l;  water,  fuel,  or  compression  leaks  around  cylinder 
hfead        '  ' . 

•  ••  '  ^-  •      ;r.-        '  •  ■     -  . 

\      '      2.       "Steam  clean  the  engine 

.  ,^   3.       Drain  coolajit  from  engine      '  *  ^ 

4,       Rerp'ove  accessories  attached*  to  cylinder  iiead,  Allowing  a  clear 
place, to.  work  *    '         *       ^  - 


26-C 


5. 
6. 

7. 


JOB  SHEET  #1 


Remove  'rocker  arm  cover  and  rocker  arm'  assembly,  if  used  . 

Remove  cylinder  head  studs  as  suggested  by  manufacturers  ,[ 
specifications  ^  .     ■'  u 

Attach  suitable'lifting  device  to  head  (Figure  1)  ^ 

if-   •  ■    •  .  '  ■ 


FIGURE  1 


"   ^  > 


'1^ 


9V 


Break  head  loose  using  suitable  pry' bar  and  location 

m 

(CAUTION;.  Do. not  pry  on  the  cpntact  su/faces.) 

Place  cyfinder  head  in  head  holding  fixture  or  equivalent  and 
reinstall  assessorieS  ^  ^ 


B.    Inspect  cylinder  head  ^   ^  . 

1.  Clean  the  cylinder  headland  contact' surfaces^ 

2.  ^^Cl5an  mating  surfaces  of  the  block  and  head  thoroughly 


3.  Check  for  damage  to  the  sea Ijng*  surfaces  of  th^'head  or  block 

4.  Check  liner  protrusion  'for  proper  specification 


5.      Clean  air 
J.  'wkK' a  V 


•kJeposits  from  the  head  by  Scraping  or^brushingv^ 
^h  N 


6.       Check  l^f^iima  digpos    J n. water  passages  and  r^rnove  ioftplug,  , 
if  used^  '  ^  » 


(NOTE:  'UseV  recommended  solution,  and  ^lipt  the  head  to  clean 
*|  ''  •'VouisScaJ?  and  jifne;)^ ;  :    .v-'-  -   l   .  -  • 


7..      Examme  fuse  plug,  for,  signs  of  overheating  (Figure  2) 

(NOTE:  Fuae  plu^  -contain  a  metal  alloy  center  thaumelts  if 
engine  is  overheated.)  '  . 


FIGURE  2  ' 


Fuse  Plug 


8,  Inspect -and  reptece  sbft  plug  as  needed 

9.  Install  new  plug  if  metal  alloy  has  melted  '  ' 

(NOYE:  If  fuse  plug  has  melted,  check  carefeilly  for  further 
damage.)  •  :  .  - 

Use  aV$avy  stf^aight  edge^and  T^eler  gauge  to  check  for  warpage 
.at^each  end  ahb  between  all  cylinders  .  ^ 

(NOTE;  Also  check  for  pnd-to-end  warpage  in  at-least  six  pFaces. 
See  Figure  3i)-  / 

FIGURE  3 


Straight  Edge 
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1^..       Decide  vyhethe^  ,to  reinstall  head  or  reface  it* 
J       ^  (NOTE:  Consult  the  engine  techrticarmanual  for  refacing  limits.) 

I  '    >A  #  -  . 

t2.  t:^'  Check;^.he,ad  f9r  leaks- or  cracky  »  * 


a.  Water  and  air  pressure  method-'-Seal  the  head  and  connect 
to  an^  air  hose^  Imnwse  in  hot  water  (180^  ^QO^F)  for  fifteen 
minutes.  Leaks?  are  d^ected  by  any  air  bubbles  which  appear ' 
in  'the  water.  •  *  * 

b.  Magnetic^  crack  detector  method-The  .magnetic  '  crack 
detector;  is  placed  over  the  ^suspected  area,  setfihg  up  a 
magnetfc  field  (Figur.e  4).^  . 


FIGURE  4 


Fine  white  metallic  powder  is  then  sprinkled  over 
the  area  and  the  toot  is  rotated  '90  deg^e^s.  After  excess 
powder  is  blown  off,  any  cra|f<s  are  clearly  shown  in  white.) 

Install  cylinder  head  ^    ♦  **  4^ 

1.  ,  Inspect  the  cylinder  head  and  .contact  surfaces 

2.  Inspect  for  scratches  or  nitks  on  the  sealing  surfaces  ofsthe  head" 
and  block  ■    >         ,  / 

3.  '     Inspect  and  clean  cylinder  head  C3p  screws  'and  threads' 

'  '.  '392  .    ■  ■:  •  / 


4.    •  .Install  new  cylinder  head  gasket   ■  ; 

(n6TE:  •  Follow  engine   manufacturer's  recommendation  for 
:  •  -  applying  a  sealing  compound  to  orfe  or  both  sides  of  the  head  ' 
gasket.  Chfeck  to  be. sure  that  water  passage  holes  are  aligned  with 
.  holes  in  bloek.*  Use  aligning  dowels. if  required.)   .  •  ^ 

Set  head  squarely  on  block  wjthout  disturbing  the  heab  gasket' 

Clean  and  lightly  oil  bolts  or  Studs 

Start  the  stud  nuts  pr  cap  screws  and  tighten  down  finger  tight  ' 

"Snug"  down  in  the  correct  sequence  (see  manufacturer's  manual) 
fronj  center  of  heact  out  (Figure' 5)  '  . 


*  5. 
■6.- 
7. 
8. 


Start  at  the  Center 


FIGURE  5' 


Torque  Wrench 


Tighten  Toward 
Each  End,  Alternating       ,    '        ^  .    .  ^ 

fron7  Side  to  Side  in  a  Circle  as  Shown  •  • 

9.       Ti^hten^eactj  ^nut 

1N0tE:     ^Refer  to^  engine  manual  .'for  torq^jng  procedures.  * 
.  After  the  engine  has  been  running  a  few  hours,  retighten  the  stud 
,   •       nuts  in  the  correct  sequence  with  the.  jerque  wrench.) 
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^  CYLINDER  HEAD  ASSEMBLY 

,  ^    ..  UNIT-I  -  .V        ^  • 

r 

.  ■«  •         ♦  " 

JOB^SHEET  #2--DFSASSEMBLE  AND"  SERVICE  VALVE  TRA^N  ' 

Tools  and  materials 
,  *A.    Valve  spring  compressor 
'  ^  •    B.    Steanij  supply^  *  .      '  ^ 

%  C,  .  Compressed  air  , supply 

-J  ^  '  .  *  *  * 

D.    Bench  grinde'r  ^  .  ^  ' 

'  E.    0-1  irtch  micrometer 

%  Valve  spring  tester 

.     -  G.    Dial  indicator 

H,  .  "Basic  hand  t6ol  set  " 

r.     Board  with  set  of  numbered  holes  for  valves 
♦ 

J.     Crocus  clotfi  '  ,* 

^  *  •  k.    Eye"  "protectign  \   "  ^ 

^  %  11.  '  Proc?edure         ■  .   '  • 

/       A.    Rernove-  valve  '  ■         •        ,  * 

1.       Steam  clean  complete  head  assembly 
»  *  .  «' ' 

**      .  '     2.)^     Dry  vvith  compressed  air         ^  ^  • 

'  3,    ^  Plac^  cylinder  head  m  bead  holding-  device ^or°  equivalent 


... 

ERIC 
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,JOB  SHEET  #2 


,4.       Compress  one  valve  spring,  at-  a  tim^  with  valve  compressor 
.     '(Figure  l')"-.  '*      ,  '      -.  /'  ' 


FIGURE  '1 


'f    ^  Valve  Compressor 


5.  Tap  valve  ligjitly  ,tq  loosen;,  then  remove  split  collar.  r^taineVs 

■   ■/  '    '  \       ^         /  ' 

6.  Remove  spring  cup 

7.  Remove  spring      -    .    ^  - 

.8.°.     Refnoye  snap  rin'g  and  seal.^f  used  (Figure  2)    '  -  . 


FIGURE  2 


Snap  Rtrig 
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Remove  valve  .from  bottpm  of  nyi 


bead- 


10. 


Use  a  board  with  a  sQt  of  n\jmbered  holes  drilled. in  it  and  place 
valves  in  holes  in  their  corr«:t  order  »     ^  . 


(CAUTION:  Do  not  mix.) 

A 

'Clean  valves  . 


1. 


Hold  each  valve  firmly  against  a  wjre.wheel  on  a  bencf^  grinder, 
or  use^lass  bead  or  sandblast^ethod  ^  ■  . 


2.  Rerhove  all  carbon  from  valve  Read,  f^ce,  qnd  stem.. 

3.  '  Polish  valve  stems  with  crocus  cloth- 

(NOTE:  Do        use  wire  bmsh  on  stem  bearing  su;tface.) 
Insifect  and  test  valves 
1. 


Inspect  valves 


a.     Use  0-1  inch  micrometer. to  measure  the  valve  stem  (Figure 

.  '  3)  .  .       ^  \ 


FIGURE  3 


b. 


If  diameter  is  lesi  than  specified  in  manufacturer's  manual, 
discard  valve  and  valve  ^uide         *        "  . 

•    *  *   ^  * 
(NOTE:  See  Job  Sheet      .for  valve* guide  replacement,)* 
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Test  valves  , 


a.  HdScl  the  valv^  by  the  stem,  head  down 

b.  Strike  sharpfy  on  stem  erfd  with  hamijier;  if  fraoture  exists, 
the, head  will  break  off  ^  \ 


D.    Reface  valves 


Dress  wheel,  if  necessary  ,(Figure  4) 


FIGURE 


2. 


a.     PIgce  dressing  atlSchment  against  stop  bar*on  grinding  head 
and  tighten  vvving-  nut 

•\  b.    Turn  on"^  motor  and  take  light,  steady  cuts  across  ,  wheel 

(NOT^:  Use  coolant  as  required  by  *  manufacturer.) 

Locate  chuckhead  (Figure  5)  - 

I 


JOB  SHEET  #2 


a.  .    Locate  chuckhead  at  the  exact  angle  you  wish  to  refinish 

valve 

^  —  V 

(NOTE:  Refer  to  manufacturer's  specifications.) 

b.  Lock  chuckhead  with  hex  nut^ 

"Chuck  valve  (Figure  6)  \    '       '  v*' 


RE6 


(CAL^TION:    Special  care  should  be  taken  wtien  working  with^ 
sodium  filled  exhaust  valves.)  .      ,     '  * 

a.     Open  chuck  sleeve  and  tnsert  valve  so  that  rollers  touch  just 
above  the  worn  part  oJ^^fTe-sterrT 


b.  Set  aligner  foi-  proper  length  of  valve'^ 

s 

c.  CIpse- chuck  sleeve  to  contact  stem 

d.  Depress' ley^ar  and  . close  chotk  sleeve  about^1/8  turn 
(NOTE:"  Use'apcording  to  manufactufer's  specifications.) 

.e.  I^ress- valve  firmly  back  into 'aligner- and  release  lever 
f.     Tighten  by  tiand  to  desired  tension  '  '  ^ 
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4.       Grind  Valves' (Figure  7) 


fIGURE  7 


Advance  valve  hi  front  of  grinding  wheel  until  whe^l  iust 
touches  valve     ,    ^        »       •      .  • 

'  ►     '  '  -  f 

(NOTE:    Adjust  coolant  nozzle.  a$  required.) 
-■^  •      ,  >* 

c.  Set  pnicrometer  on  feed  screw  lat  zero       ■    .  . 

d.  Begin  grinding  at*left  sitle  of  wheel,  moving  VjaWe  slowly  and 
steadily,  across-  whtj^el^hen-'  back  agafn .  { 

Take  light  cuts  by  feeding  the  wheel  up  .to  the  yalVe  .pOI 


or  ,002:  at  a  tinrie 


f. 
9. 


Remove  just  enough  material  to  make  a  clean,  smooth  .face 


When- valve  face  is  trued,  advance  to  right  until  top  ^edge 
df  ^alve  is  flush-with  right'  hand  edge'  of  wheel' 

(CAUTION:  Do  not  iet  valve  leave  the  stone.)  , 
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^  FIGURE  8 


,  h.  VStop.j  sec/ond  or  two,  then  back  grinding  wheej  ayvay  from  . 
:  vatve      /        '  ^  ,  • 

i.     'Repeat  steps  above  for  other  valves 

.  (NOTE:  Kelp  valves  in  numbered  rack  to  make  sure  you  return 
them  to  their  Qwn  guides.)  •      '  T 

j.   >  Replace  any  valve  that  cannot  be  entirely  refaced  while 
keeping  a  good  valve  margin  (Figure  8)  - 


17 


Warped  Valve 
with  Knife  Edge  r 


Knife  Edge* 


^ood  Margin 


(CAUTION: -Avoid  a  knifp  edge  around  part  or  all  of  the^ 
valve  head.    See  Figure  8.)    '  ' 


E.      Inspect  valve  spring 
1.       Inspect  for: 


a.  Wear  on  the  casting*  where  springs  rotate 

b.  Wear  on  the  spring  caps  '  •  \ 
G.  Wear -on  ends  of  spring  **  - 
d.  Warped  springs         "  *     ^  ^ 


J: 


i  I 
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Test  spring  tension  •  / 

/ 

a.     Mojunt  valve  spring  on.spring  tester  (Figure  9) 


FIGURE9 


V 


/ 


b.     Measure  spring  length'^by  raeans  of  manufacturer  standards 


c.     Compress^j  valve*  Sprang 


(NOTE:  If  valve  springs  compress  ta  (Jim^nsions  showrt  fn 
manufacturer's  table  at  less  than  load  indicated  under  "worn 
limits/*-  valve  spring-  should  be  discarded.) 


J 
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JOB  SHEET  #3-SERVICE  VALVE  GUIDES,  VALV^  SEATS, 
VALVE  SEAT  INSERTS,  AND  ASSEMBLE  VALVE  TRAIN 


I.    Tools  and  nriaterials 
.  A/   Basic  hand^  tool  set^ 
B»     Electric  hand  drill 
C.     Rotary  wire  cleanirig  brush 

•     D.    Valve  se^t  grinding  kit 

E.  0-1  inch  micrometer    , ' 

F.  Small  bore  gauge  ' 

G.  Bluing  *or  lead  pencil 

H.  Shop  towels 

I.  Eve  (3rotectton 
II'.  Procedure 

A.    Service  valve  guides 

-  1.,       Clean  valve  guides 


f 


a.  Use  correct  size  w^re  brush  in  an  electric  drill 

b.  Run  brush  up/and  down  the  tMll  'length  of  ^uide  (Figure 


FIGURE  1 


q.  /  Apply  a  4evy-tjfops  of  oil 
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2. 


FIGURE  2 


^.  JOB  SHEET  #3 

»      '  '  '  • 

Inspect  valve  guides 

a.     Measure  at  different  points  within  the  guide  (Figure 


Measure  Inside  of 
Guide  with' Gauge 


^  Read  meas^ement  'micrometer 

Measure  outside  of  valve  stem  (Figure  2)' 

•Cb[npare' tb)  anc|^^  fo?  clearance 

(NOTE:  If^guide  to  stem  clearance  \$  more  than  50  percent 
above  manufacturef'^s^specifications,  replace*  or  knurl  and 
ream  the  valve  guide.) 


Replace  valve  guides 


ja.     Remove  old;  valve  ^ide  ancK^install  ne^w  guides  as  needed 
(Figure  3)  -  ^'  ^  ^ 


iNOTt:  Some  guides  may  compiress  slightly  when  Installed.) 


b.     Precision-ream  to' specifications  after'installation,'i7i(^uired 
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Service* valve  seats 

T.       Clean  valve  seats  .(Figure  4) 


FIGU|E  4 


a.,  •  Ose  an  electrit:  hand  drill  with  wire,  brush\ta  remove 
.  carbon    -  <^      •  , 


b.    Apply  kerosene  to  loosen  carbon. 
Or    Check  for  pitted,  burned,  or  wor/n.se^t 
D^ss  grmding  wheel 

a.  •  Set  dressing  tool  at  desired  angl^  (Figyre^ 


b.    Put'a  drop  of  very-  light  oil  omdressing  pilot  -  Z^. 
(CAUTION:  Dq  not  get  oil  on  grinding ^heel.) 


JOB  SHE^  #3',  '       '     •  ■  ' 

c.  ^  Screw  gFindir]g  'wheehon  holde/  aad  place  on  pilot 


4^ 


d.     Adjust  ORtil  wheel  just- touches  diamond 

■«      ^    *  ( 
^  insert  driver  ann  hrinn'un 


e.     Insert  driver  and  brjng'up  to  speed 


'  ^  7 


^ f.     Move  ^nr^ond*  steadily  "across  wHeel,  Staking  l^ht 'cut| 
3.'^    Select  taperecj  pjlot  (Figure  6)   ,  ^    -  - 

a.  Select  largest  pilot  which  wfll  fit  snugly'  into  valve  guide 

b.  Place  drop  of  .oil-  on  pilot,  insert  into.^uide,  ^nd  twist  gently 
•  '     to  lock     •  /  '  * 


FIGURE'6 


Select  grinding  ^Afheel^ 

a,.    Screw  proper. grinding  wheel  ontovholder  and  place  on  pilot 
.    (Figure?)  '      -    *  '  > 

(NOTE:    Re'lfer  to  sfer^iCe  manual  for  size  and*  angle.) 
"^URE7  . 
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b.  '.Insert  driver  .spindle  in  holder  (Figure  8) 


FIGURE  8 


FIGURE  9 


c.     Grind  the  valve  seat  so  that  little  oflhe^/alve  faceVexposeff 
to  the  combustion  chamber  (Figure  9)  .  ' 


V64      -~.-4^g4^5  0 

i  1=L  A. 


Narrow  Seat 


V^ve  Seat 
Proper  Width 


Valve  Seat 
too  Wide  ^ 


(NOTE:  Narroj^eat  to  manufacturerV specifications.)- 
Precautions 

.1)       Do  not  grind  too  long,  only  a  few  seconds 
Do- not  usje. too 'much  pressure* 


•2) 
3) 
4) 


Keep  work  area  -clean 

Check  seat  width  and  contact  pattern  with  bluing 
or  lead  pencil  mgrks 


JOB  SHEET  #3 


5)  Regrind  uneven  spots 

(NOTE:  Lap  seats  with  grinding  compound  only 
if  necessary.)"  ^ 

ft  •     .        *  • 

6)  Check  the  runout  (concentricity)  of  the  valve 
seat  yvith  a  dial  indicator '(Figure  10)  * 


7  ■  •■ 


.V 


Turn  Incficator  to  Check 
Runout  of  Vatve  Seat 


It  J 


(NOTE:  Reacting  must  be  within  specif  regions 
shown  in  the  engine  tecH^cal  manual.) 

7)       Rotate  the  pilot  90"*  in  the  guide  and  take  a  second 
reading  * 


Service  valve  seat  inserts 


t 


1.  Clean,  inspett  and  grind  using  same  method  as  With  bored  valve 
«v                seats  in  (B)       -      ,  ,  ^ 

2.  ^  Lightly  tap^  head  near  valve  seat,  if  Tnsert  is  loose  enough  to 

bounce  mark  for  replacement  \     /  r-       '    '  - 

(NOTE:  Replacement  ofi  injector  sleeves  (if  used),  energy  cell  (if  used>^valve 
sea,t  inserts  (if  used),  and  resurfacing  of  cylinder  head  is  recaoiqiended  at 
instructor's  option  as  determtned  by  availability  oi  tools  and  equipm^nt^ee 
manufacturer's  shop  manual  for^speciaj  tools  required  and  steps  of  procedure.) 


JOB  SHEET  #3 


D.    Assemble  valve  train 


1,  Apply  oif  to  valve 'stems       return  .to  same  ports  from  which 
they  were  removed  ;    *       .    #  * 

(NOTE:  Commercial  valve  stem  lubricants  are  avaUabie\K 

'   r  ^  ' » 

2.  •  Work  the  valves  back  and  forth  to  make  sure  they  slip  through 

easily  and  seat  properly 

(NOTEi  A  properly  seated  valve  will  bounce  when  dropped' orb- 
its seat.)  ,  ,      •    -    •  ' 


4. 


Install  valve  seals  if  required  and  seat  valve  springs 

(NOTE:  Place  wound  end  of  spring  to  stationary  side.) 

Install  nfew  valve  keepers,  if  necessary,  /naking  sur6  they  fit 
properly  (Fjgure  11)  .  , 

I  ■  »-     '  -  K 


FIGURE  11 


5. 


Keepers 


Pop  each  sprfng  and  valve  assembly  three  or  four  times  bty  tapping' 
on  the  end  with  a  soft  malfet 
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NAME- 


-  TEST  . 


'Match  the  terms  on  the  right  .to*  their  correct  definition. 

To  *  clean/  inspect/  lubricate,  and/dr     -  1.  .    Valve  guide  . 


adjust 


 ^b.  Disk;  '.with     a"    stern     that    rises  - 

^  perpendieu|ariy  to  or  from  its  seaf  jand 
-  "  is  opened  by  a  c^  ar\d  closed 'by  a' 
"  'spring^      '  .  - 

;C.  That,  part  Vn  the  he^d  upon  .which  the 
,  .valve  facet  rests  to  close  the  port  ^ 


_d,:Hp<e. -through  which  the\stenT  of  the  i 
.\(ah/9  passes 


2.  '    Cam  follower 

3.  ;  /  F5oCl<f0r  arm.; 


4. 


Rofkerr^rm 
'shaft 


5;  ^'  Valve  spring 
retainers 


■  m 


j^:  Helical  spring  used  to  close,  the  valve 

J.  Holds;the  valve  sprir^g  on  the  vajve  stem. 

J.  Lever  that'tfansmits  the  action  of  ^e 
cam^to  the -stem  of  the  valves    '  . 


6.  Servi<?e-' 
•    ;  '  V.  . 
'7.    ;  Rocker  -arm' 
assembly 

8.  .    Valve  seat 

9.  'Pqppet.  valve 


 :^h.  ^erves  as  a' fulcrum  *or  rocker* arVt^s^-  ^  10. 

Z  Shaft,  rocker  arm,  *arid.  cam  fqUoWer 

,  .  9 


Valv^  spring 
H  Vafve'seat  artgle* 
En0rgy  ^ell 


/ 


"      j.^  ^  imermediate  .contact  betweeit  bamsh^^  12. 
'  '  •  and  valve  stem'  .  ' 

;  '  '  ^  .  '    13.     '  Foot-pound 

-       ^   k.  Special  removable  gombustion  chamber    \     -  -  *  .  .  ' 

for  high  speed  diesel ^engines  '  14.  \,  Fuel  injector 

^    I   High  velocity  swirling  of  air  within  the  '      -*  '     "  *  ... 

combustion  chamber  c  r  •  . 


Angle  between,  the  seat  surf^cer  and 
thev  aylinder  Head  surface,  eitt\erV30 
or  45 'degrees      )       /      .  /     '  '  / 


^n.  -A*  twisting  effort'.  '[  '    "      * ' 


^0.  Wrench  used  to  draw  nuts  to  a  specified 
tension  by  measuring  the  twisting  effort 
in  foot-pounds  "  ^ 

^p.  Equivalent  to  •  raising  one  pound  a 
distance  of  one  foot 


jyi.  Meters    and    sprays    fuel    into  the 
.    combustion;  chamber 

_r.  Injects' fuel ^ under  high  pressure 


15. 
16. 

18. 

r 


Torque  wrench 

Turbulence 

Torque- 

Fu§l  injection  ' 
nozzle 


Name  five  major  parts  usually^  found  in  a  cylinder 'head  assembly. 


a. 

b.  . 

c. 

d. 


Name  three  for«ms  af  IcyliFkter  head  castings^that  may  be  f oynd  on  a  diesel  engine. 


a^ 
b. 


Identify  thfe  primary  parts  in  a  valve  assembly. 


5.  \     List  two  types  of  valve  rotators. 
,    a.  r  '  •  • 

■  b.  .  -         ;  -    .*   •  ' 

6.  *^    Match  the  valve  arrahgements  on'-^the  left  to  t 

.   ^a.  Both  valves  to.  side  of  engine 

-         .   b.  Both  valves, above  angled,  cylinders 

 _€..  Both  valves  above  cylinder      ^  " 

d>  O^ner valve  above  and  .one  topside  of 


7. 


cylinder 

List  two  locations  for  turbulence  chambers  in  the  engine. 


a. 


8.  ^     Identify  three  forms  of  engine  valves. 


a» 


i' 


g. 


Demonstrate  the  .  ability  to: 

a.  -Remove,  inspect,  and  install  a  cyfinder  head.        ;      '     ■  ° 

b.  Disassemble  and  service  valve  train.  .    •  • 

c.  Service  valve  guides;  valve ^seats,  valve  seat  inserts,  and  assemble  valve  triin. 

(NOTE:  4f  these  activities  have  not  been  accompHshed- prior  to  the«tesf^k 
yotir  instructor  when  ..they  should  be  completed.)  " 


CYLINDER  HEAD  ASSEMBLY • 


ANSWERS  TO  TEST 


a. 
b. 


9 
8 


•  d.  1 
.     e.  10- 

f.  5 

2.  Any  fiva  of  the  following 

a.  Intake  valve 

b.  Exhaust  valve 

c.  Rocker  arm 

d.  Fuel  injector  or 

*  e.  -  Cam  follbwers 

f.  ."    Fuel  injector  tube 

i  ^ 

g.  Valve  guides  ' 
^     h.    Valve  seats  ,  ^ 

3.  a.     Single  -  , 

b.  ^  Multiple 

c.  One  piece    .  ^'  j 
4..  '    a.  i  Splil  collar  retainers  (valve  keepers) 

r  ^      \  ' 

'  V  b.    Valve  spring  cup 
^  c.     Valve  spring  ^ 

d.  Valye.^ .        .  ^  .  ,  * 


4 

i. 

7 

i- 

2 

k. 

12 

"  1. 

16 

412  " 
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ERJC  : 


a.  *  Release  .type 

b.  Positive  type 


^    6.      a.  ^  2 
h."  4 


c.  3. 

> 

d.  1 


7.  a.    Chamber  in  cylinder  head 

b.    Chamber  in  piston  .  ' 

8.  a.    Flat-top  ,  ' 

b.  '  Standard  *     '    .  /  n 

c.  Tulip  .  *  •  ^ 

9.  Performance^  skills  evaluated  to  the  satisfaction  of  the  instructor 


1 
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:    PISTON  Am  CONNEdTING  ROD  ASSEMBLIES  • 

,  '  "  ■  ■    .    ';  vm "  ^      -     '     -    •  t 

UNIT  OBJECTIVE 

After  completion  of  thfe  unit,  the J^tuderit  should  be^able  to  service  a  piston  pin  an<J 
connecting  fod  and*  install  precision-insert  connecting  rod  Hearings.  T^he  student' should 
also  'b^  able  to  identify  the  prinriary- parts  of, a  piston  and  connecting  rod  assembly  aad 
,S(Ble*t  the  causes  of 'high  oil  consumption  and  blow-by.' Thi^. knowledge  witi  b^  evidenced 
through  demonstration  an^j^  by  -scoring  "erghty-five  percent  »on  the  unit  test.- 


SPECIFIC,  OBJECTIVES^  / 

After  completpWf  tbis  unit,  the' student  shbuW  be  able  to:  ^' 

.    ^    <»  .    •  •      ,  .  ^  ^ 

;    1.       Match-  terms  associated  with  piston  and  connecting  .rod  assembfies  to  the 
'  /  correct  definitions.  ,  .       •  * 

*t     *  •  ■ 

2.  '    l,dentify  severt  primary  pwts  of  a  piston  and  connec^Fng  rod  assembly'. 
3..      List  tbree  f'unctiohs  of  the^  piston. 
.  ■     4.       Identify  five  majn  parts  of  a  piston.  *  •    .  ^ 

5.  Lisl  three  functions  of  piston  rings.  *  <  -  ^  ' 

^  ^-  -  • 

6.  Name  the  tvy^^  types  of  piston  rings,      •         '         \  , 

iln^      ^  *  » 

7.  /    Name  three  common  types  of  ring  joints*  .  •  ^ 

8.  Select  possible  causes  of  high  oil  consumption  and  blow-by. 
\  9.       Identify  tfiree  types  of  -piston  pins.  "  ^         .  * 

;v       10.       Name  tvyo  types  ^or  construction  for  the  'cap  end  of  a.  connecting  rod.' 

11.  •    DiKuss^^e  "reasbrv:|fp,r  markiras  on  the  co^^ 
.  '    •  cap.^  .  .....  ■  L^r^^j 

12:  "     Demonstrate  tfte  ability  40:  .  ^  ' 
*   ^    .  a.^  Service  piston  arid  install  piston  rings.    '        .     .  . 

.  ■      b.    ServTce  piston,  pin  aRd  connecting  rdd;  ^ v  *  ' 
.  ^.  c.    Install  precision-insert  connecting  rnri^hftarings.  ^ 
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PISIOIsr  AND  C0NNECTING  ROD  ASSEMBLIES 

UNirr  II 


..   \        *  .  /    ,     SUGGESTEl^  ACTIVITIES 

I.    Instructor:  \i  ^      •       -  •         .  * 

*'  '•'-<>  ... 

4 '  '  #  -  . 

*A.^  Provide  student  with  objective  sheet. 

^      .B.  Provide  student  with  -information  •and  job  sheets.^  * 

C.  Make  transparerKies.     >  \  /    ^    *  • 

D.  Discuss  unit  and  specific  objectives..'  - 
^  Discussj  information  sheet. 

1^    v«  F.'  ^^Demonstrqte  and  discuss  the  pfocedyres  outlined' Jn  the  job  sheets 

^  G.    Give  test.       ^     '         ^        .  '  / 

n.    Student:  '  .  - 

'  ^.  ^  Read  objective  sheet.  * 


1-  ^ 


'B.  ^  Study  information  sheet.  , 

C.  •  Complete  job  sheets*.* 

D.  '^Take^test. 


INSTRUCTIONAL  MATERIALS 


I.    Included  in  4bjs  unit: 


A.    Objective!^  sheet 

3irB.    Information  sheet  ♦ 

I 


C;    Transparency  masters^"  « 

1.  •  TM  1-Piston  and  Connecting  Rod  Assembly 

2.  -   TM'^2-Piston  Rings'  ^' 

.  '3.       TM  3"Blow-By-        ,    '  .  / 

4/    -TM-4-Types  of  Piston  PinSv         '  _ 
*  •    ^  .TM  5-Connecting  Rod  Markings 


1  ^ 
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D.  J.ol^'  sheets  '  .  ^ 

I,    '  jlpb  Sheet  #1-Sei^ice  piston  and  InstairPiston  Rings  - 

^  Job  Sheet  #^2"Serv ice  .Piston  Pin  and  Connectirtg  Rod 
3.     '  Job  Sheet "^3^-fnstair Precision-Insert  Connecting  Rod  Bearings 

E.  test  ^  '  1 

F.  Answers  to  test  'j'"'  * 

References:  ^ 

^'        •  ■  ■ 

A.  Kates;  Edgar  J.,  and  Luck^  WillianrT-E.  Diesel  and,  HigtiSompression  Gas^ 
Engines.  Chicago:  American  Technical  Society,  1972.  ' 

B.  Fundamentals  of  Service:  Engines*  Moline,  MHnoisrJpeere  anjJ  Company, 
1372,  ,  I     .  .         *  . 

C.  Cummins  Engine  Shop  liflanual,  Columbus,  Indiana;  Cummins  Engine 
Company,  1974. 


v.. 


\ 
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PISTON  AND  CONNECTING  ROD  ASSEMBLIES 
UNIT  II 


K  INFORMATION  SHEET 

Terms  and  definitions  y,  ■ 

'•'      •  .  • 

A.  Piston  ?kirt--Outside  part  of  piston  below  ring  grooves  '  '  ' 

B.  Piston  land- Area  between  ring  grooves 

C.  Piston"  pin-TL^s  pisjoh' and.  rod  together 

D.  Piston  piri^oss-hible  in  piston  which  supports  piston  pin  ' 

E.  Ring  ^dints--Clearance  between  ends  of  piston  f-ings 

F.  Blow-by--Combustion  gases  escaping  to  /he  crankcase      '  , 

G.  Lugging-Overloading.  causing  unusual  stress      ^  .    ^  ' 

H.  . J ncandescent-G lowing*  or  burning    '      *  ^'              -  , 

I.  Knurlin^"Uf)setting-the  metal  to  decrease  the  inside  diarheter  or  increase 
.  the  outside  diameter  •  ' ,  ' 

J.     Full  floatinjg  pin-Piston  fDin'that  moves  in  b9th  rod  and  piston 

K.    Plastigage-Soft,  oil  sofuble,  plastic  thread        .  ^ '   •  / 

*        *  1  •  ' '  *  . 

Primary,  pahs  of  ^  piston  )<^nd  connectif|r  rod  assembty  (TraxispaceVy  1) 

A'  Piston  ^ ' —  ;  V  _  - 

B.  Pieton  rings  .         *  * 

C:  Piston  pin- 

^D.'  Piston  pin  bushing 

E.  Connecting^  fod 

F.  '  Cojinecting  rod  cap  s 

'  'u/l''   '         •  -  # 

G.  -BeaFihg  shells;  < 


Functions'  of  a  piston*        ,   .    •       ^  -  '     ^         v  Vl" 


A.  .Receiues  thfe  force  of  combustion  '       "      ^'  ^ 

B.  Transmits,  this  force  to/the  crankshaft  '       '  -    ^  ^  '^^v-^  .  -4?'"-. 

C.  Carries  the  {Diston  rings  which  ?eahand  wipe  the  cylinder  ^    '      i'  ' ^  '^k^'A 


<«17 
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INFO^^MATIOIM  SHEET  * 


•Main  parts  of  a  piston  (Transparency  1) 

■  A.  •Head  , or  crown      '  / 

'  ^'  ^  . 

^  »    B.    Skirt  i      \.  '  ' 

G.     Ring  grooves 
.   '    '    ^  D.    Lands         :  ' 
E.    Piston  pin  boss  ^ 
V.    Functions  of  piston  rings  / 
,.A.    Forms  a  gas  t^ght  seal  betvy:een  the"  piston  and  cylinder 
-  B.    Helps  cool  tHe  piston  by  transferring  heat 
C.    Controls  lubrjcation  betvyefen  piston  and  cylinder  wall, 
VI.    Types  6f  piston,  rings  (TranspaVency  V)     ^'  ;> 

4 

A.  Corft^ression  :pngs^ 

B.  Oil  control  rings 
VI 1^  Coninnon  types  of  rm^  joirits  (Transparency  2)  '  ' 

'  ^  h\    Step  '  "  ' 

B.    Angle  ^      ^  ,  ^- 

V 

c.    Burt  ^     .  : 

VIM.,    Causes  of  high  oil  consunnDtion  and*  blow-by  (Transparency  3) 

A.  Piston  rings  installed  wrong  "      ,  *  '4 

B.  Stucfc  oil  ring^ 

C.  Plugged  oil  rin^ 

D.  -^Top  ring  broken  or. top  groove  .worn 

-   ^    E.  O^a^wear  in  piston^  rings,  and  cylinder 

I        F.  -Physical  damage  to  pistons.  '    ^  ^ 
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INFORMATION.  SHEET 


Types  of  .piston  pins  (Transparency  4)  ' 
A. '  Fixed'-Moves  in  rod,  fastened  to  piston  x 

V  .    .  •  •  ^  ^ 

p.    Semi-floatmg-iyioves  in  piston,  fastened  to  rod  • 

<^  ■        /         .  '  '    .  - 

C.    Full  ffoating-Moves  in  both*  piston  and  rod,  fastened  by  spring  clips 
Types  of  construction  for  the  cap  end  of  ^.connecting  rod.  (TraTi^parency  5) 

A.  Square  cut     '     '  ,  ,  '         ^        ^       •  .  *  • 

B.  Angle  cut  ^  .     .    ^  "         *  f  , 

^  ^  ^  ...... 

Reasons"  for*  markings  (Transparency  5)       -  ,  . 

Af^  On  the  pistqn-To^  install  in  same  cylinder  and  on  same  side  from  which 
removed  '  4  • '  -  i ' 

.     /        '         '  J 

B.  On  the  connecting  rod-To  install  in  same  cylinder  and  on!sJrie-side  from 
v\^ich  removed  *  ^_    .  '  ♦ 

C.  .On  the  bearing  cap--To  install  on  same  rod  and  on  same* side  from  which 
,     removed  \  ^  '  *     .  ♦ 


Piston 
Rings 


Piston 


Connecting  Rod 


Connectiog 
ftod  Cap  > 


Piston  Pin 


Piston  Pin 
Bosffing 


Bearing  Shells 


Piston  Pirr  Boss 
Reinforceinent 


Top  Land 
2nd  Land 
3rd  Land 
4th  Lantf 


Ring  Groove 


Complete  Piston  and  Connecting  RodAsserhbly 


Skirt  Reinforcement. 


Piston 


ERIC 


Drain 
41oles  Behind 
Rmg  , 


Piston  Pin 


Boss 


t 

o 


r 


piston  Rings 


7 


y  r  Doufar^-^land  Beveled  and 


Ventilated  Oil  Ring 


45°  Angle  Joint 


^^^  Butt  Joint 


Step  Joint 

s 

Compression  Rings  with  Simple  Uoints 


Compressjoh 
Rings  .  ^ 
Oil  Control 

Rings.  - 


PistSfi  ffings  f(jr  a  Typical  Piston 


-4 
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i 


Types  of  Piston  Pins 


Fixed  Pin 


Fastened  to  Pi 


Semi-Floating 
Pin  : 

Eastened  to.;9od 


Full  Floating 

Fastened  by  Spring  Cli|i 
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:eric 


Connecting  Rod  Markings 


\ 


Front  Mark 
(If  Used)'. 


Capt  MaH(s 


Bearing  Inserts^ 


U{)per  Bearing 
Cap  * 


Lower. 
Bearing 
Cap 


ERiC 


bonneeting  Rod  Angle  Cut     Gonnectih^  Rod  Square  Cut  L 


42.S 
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PISTON  AND  CONNECTING  ROD  ASSEMBLIES 
.     ^  UNIT  II 


JOB  SHEET  #'1--SERVlCE  PISTON  AND  INSTALL  PISTON  RiNGS. 

Tools  and' materials 

A.  Ring  expander  .  '  '  • 

B.  Thickness  gauge 

C.  Outside  fniCfometers/  ,     ^  *  4 

D.  Bench  vise  '  *  ' 

E.  Chemical  cleaning  solution 

F.  Solvent  to  remove  oil  film 

G.  Water  spray. supply    *  .  *  '  ^  .    "    i  • 

H.  ^^jj^mp'ressed  air  suppjy 

I.  Eye  pro\ectiGn   ,^   ^  • 


Procedure 


A.  Remove  cylinder  head  assembly  and  secure  liner  as  .necessary  • 

B.  Re^o\/e  piston  ^  ^       .        ^  , 

1.  •   Remove  o|l  level  gauge  and  gauge  tube'  ^  -v^ 

2.  Remove  fuel  drain  lines  and  other  parts  as  necessary       "  «. 

3.  Clean  the  carbon. ridge  from  top  of  cyljnder  liner 

4.  '    Rotate  the  crankshaft  clockwise  as  rfecessary  to  gain  access  to 
-  the  connecting-rod  cap^  -  '  •      -      *  ^ 

5.  ^  J?emove  the  connecting  rod  cap  and  retaining  bolts 

(NOTE: '^Mark'^ rod  and  cap  if  not. already  marked'.)" 
"    6,       Push  thei  piston  upward  until. the  rings  clear  th§  cylinder  lin^ 
(CAUTION:  Protect  the  conn^etting  rod  journ^L) 
7,       Lift  ttie  pisttfn  and  oonnecting  rod  from  the  liner      ^  f€ 


.  .   ' JOB  SHEET  #,1 

'*      .  •  *  .•  •  - 

8.  Replace  cap  on  rod  after  removal  •  '  * 

9.  Repeat  above  steps  for  remaining  pistons 
Remove  old  rings  *      '  . 

f.       Clamp  6onnecfing  rod  in  a  vise  using  jaw  protectors 
*2.       Use  a  ring  expander  tDVemove  old  rings  ^  : 

Disassemble"  piston  »  , 

- '  \  ^  

1.  Remqve  piston  pin  retaining  rings,  if  used 

2.  Remove  piston,  pin  and  piston  from  the.  connecting  rod 
"Clean  pistons  using  one  of  the  foHowing'npiethods 

r.       Use  alchemical  Solution  to  soak  pistons 

■    ^         a.  Use  a  solvent  to  ^remove  oil  film  from  pistons 

.  b.  Mix  the  .cleaner  . solution  and  heat  as.  recommended 

^  ■    *  c.  Soak  the  pJistons  in*  the  cleaning  solution  for  specified  time 

^  d.'    Soa^  ^or  a  second  period  if  needed  and  scrajj^  lightly  if 

needed  '      "         *  .  ry 

-  _  ,  - ,  • 

(CAUTION:  Never  use  a  wire  brush.) 

e.*    Drain  and  spray  rinse  with  wat«r  and  air 

(NOTE:  Be  sure  the  p.iston 'ring  grooves  are  thoroughly 
cleaned.)  ,  ,    *  ♦ 

'  *    ^  -^f-^  ^  -  • 

2.       Use  glass- beads  to  clean  pistons       '     *  T 

'  .  ■  '  ^'-^ 

a.  Wash  pistons,  in  solvent  to- remove  grease  and  c^l 

.     ^  f        (Ci^UTJON;  Use  a  stiff  brush,  not ^a  wire  brush.)  " 

*  ■    ' '  ~  *A 

J*  y  ^  '     *  \  ' 

b.  Spray  th^  pistes  dry  using  compressed  air 


c^NCIeari  thjEJ^ipistorns\in  the  gfess  >ead  cleaning  machine  using 
v'^l^per  si^e  "  beads- and  cbrrect  pressure 


^JOB  SHE^ET  #1 


"     d.     Keep,  the  bla^  moving  ,  ^  ' 

(CAUTION:  Do  not  hold  bead  blast  on  one,area  too  long 
.   ,     -or  ngpBtal  may  be  eroded.) 

e.   ,  Hold  the  nojfzle  away^from  the  surface;  distance  will  vary. 
^  '  depending  on  recommended  pressure 

Inspect"  pistons 

f 

1.,      Examine  for  score  .marks,  damaged  ring  groo.ves,  or  sign  of 
overheating  ^  '  •  ' 

2.       Iilfpect  pistory  for  cracks  in  head  and  skirt  area  pnd  for  bent  or 
broken  lands 

m 

(NOTE:  Replace  if  damaged.)  *  ^  ^ 

Measure  ring  grooves  jbr  wear,  "  .  .    '  ^ 

1.  "      Install  a*  new  ring  in  groove  CFigure  1)  ' 

2.  Insert  ^feeler  gauge  between  upper  surface  pf  aew  ring  and 
land  to  cHeck  clearance  (Figure  1)  ' 


T  ■ 
r 


FICIURE  1  ^  Measure  Ring  Clearance  with  a  Feeler  Gauge-  *  . 

3.      "Cheek'  all  ring  grooves  at  several  points, 

•  *  *  . 

(NOTE:  Follovy  engine  manufacturer's  recomrfiendation  for  wear 
limits.)    ■       '  ^  •  '    » - 
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JOB  SHEET  #1 


Measure'  piston  for  wea? 

*  •  *  • 

1.  Using  outside  micrometers,  meMure  diameter  of  piston  skirt  at 
,  »    -     right  angles  to  the  piston  pin  bore  (Figure  2)"  . 


FIGURE  2    Checking  Piston  Wear 


2. 
3. 


T^ke,  a  reading  at  both  top  ,afnd  bottom  of  the  skirt 

Compare  thfese  measurements  with  new  dirrjen§ions  given  in  the 
enginfe  technical  'mahdNiJ^  '  ' 


\^  4.       Note  the  difference  which  is  piston. wear  . 
Measure  pisfon '1:0  cylincjer  clearance*  .    ^  ' 

-1.  M^ejasure  the  cylinder,  diameter  at  right  angles  to  the  ^crankshaft 
in  the  lower  or  least-worn  area  of  the 'cylinder,  using  a  cylinder 

-  ^  *dial*gaug'e,  ?n  inside  micrometer,  or  a  telescope  ga,uge  wittfoutside 
micrometer         ,  "  - 

•2;       Measure  Jhe  diameter  of  the  piston  across  the  thrust  faces  with^ 
art^outside  micrometer  (Figure  2) 

(NOTE:.  The  differenca*between  these' two  measuremfepts  is  the  piston 
clearance.  'Replace  pistons  if  their  clearance  exceeds  manufacturer's 
SRecificatfons.)  » 
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jqp  SH^ET  #1 


Install  rings 


D  -  75-C 


1. 
2. 


Using  ring  expander,  install  oil^ohtrol  ring  (Figure  3) 

Using  ring  expander,  in^all  cojmpresslon  rings  top  -side  up  * 

(NOTE:  Refer  t6  engine  technical  manual  for,  directions  on 
installipg  different  ring  tyoes,)    *  '  ,    '  * 


FIGURE  3  -  Instalfing  Piston  Rings' 
Using  a  Ring  Ex'pan'dfer 


Stagger  the  ring  ends  according  to^  manufacturer's 
recommendations  •      «  ,  '  ' 

(CAUTION:  Dp  not  twist,  expand,  or  stretch  rings  too  much,) 


ERLC 
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PISTO^N  AMD  CONNECTINGSiOD  ASSEMBLIES 
'  UNIT  II      *  ■ 

JOB  SHEET  #2--SERVICE  PISTON  PIN  AND  CONNECTING  ROD- 


.    Tools  and  materials 

A.  .  Piston  pin  vise 

B.  Straight  edge 

C.  Brass  hammer 
^  Shop  towels 

E.  Compressed  air  supply 

F.  Eye  protection 


t 


Proceclure 

>  ■   ■  • 

/  -A.    Service  piston  pin 


1.     '  ^S^^  pin^fok  out-of-round-jDr  looseitess 
a..    Clamp  pio^  in  pin  vise  ^  ^\  \ 


contact  spots 


2. 


^^^^^OTEs  If  pib'^copfeet  -4oes»  nV  show  over  entire  surface 
iJCre^w  bushing?)*'",  f^-' 

4d  ./"^ 

Check  bore  foi^^ta^r  or  bel^outPHng  (figure.  1)      *  ^ 


Tap^refl  Hole^  * 
■  i      ^  in  Bod 


Bfiljwiouttied  -Hole 
IrfRodV  ' 


FIGURE  1  -  Bad  Pin' Fits  irtU^onnecting  Rod 


0  « 


i 

3. 


JOB  SHEET  ¥2 

a.  Insert  pih  from  each  end  of  the  bushing 

'  -  ,  * 

<^  (NOTE:  If  pin  is 'free  on  one  end  and  tight  on  opposite 
end,  the  pin  hole  is  tapered.  If  pin  enters  ea'sily  from  either 
end  but  tight  tn  the  dlinter,  the  pin  hole  is  bellmouthed.) 

b.  Renew  bushing  if  pin  hole  is  tapered  or  belfmouthed' 
Check  fpr  misalignment  between  the  piston  pin  holes  (Figure  2) 


I; 


^  Tapered' Holes  /H  ^     I  MisalianpH  HoIps/ 


/      m  Piston  \ 


tMisal|gi 
/  in' 


gned  Ho[e^ 
Piston 


3  e::^ 


FIGURE  2  -  Bad  Pin  Fits  in  Piston  Bosses 


I  a.     PusTi  pi  a  through  pin  hole  toward  second^.piston  boss 

(NOTE:  Ifi-pin  does  not  enter  second  boss  without  a  click,. 
' -hisalignment  has  occurred.)  *  .         .  ^ 

"       -   \    '  v'  ■ 

b.     Install  new  bushings     ^  ^ 


7 


.  -% 


ERIC 


^1 


JOB  SHEET  #2 


^      Bi    Service  connecting  rods 


1/      Replace  b^nt  or  tvyjsted  rod.  if  wear  points  show  on  'bearing 
eye  or  cap  (Figure  3)      .  . 


/  - 


in 


f  4 

FIGURf^S  -  Wear  Points  from  a  Benfl^od 

Replace  rod  if  «ut  of  alignment  to  limi-t  of  0.001  inch  in  six 
inches  (Figure  4)  .  ' 


Bore  Must  be  Parallel 
WithirT 0.001  in  6" 

^  Twist  Must  Not 
E)^ceed  0.001  in  6" 


■  < 

FIGURE  4     Re€ommendecr  Limits  ^for  Rod  Alignment 
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PISTON  AND  connecting'  ROD  'ASSEMBLIES- 
UNIT  II 

s 


^  Jde  SHEET  #3-INSTALL  PRECISION-II^ISERT  CONNECTING  ROD  BEARINGS 


Tools  and  materials 

A.  Outside  micrometers' 

B.  Inside  micrometers 

C.  Rawhide  mallet 

D.  ^  Torque*  wrencFi 

,  ^  E.  'Oil  pan  gasket   *  -     >  ^ 

F.    Shop  towels  '      '       '  .  ,    •  " 

*  '       *       ^  — 
II.    Procedure  ^  fr 

"A.   •Clean  crankpihs  ^  *  • 

B.  Visually  check  for  gouge?,  scratches,  grooves,  and  scored  surf^ces^ 

C.  .'Measure  crankpins  in^everal  places  with  outside  micrometers  (Figure  1) 


fNOTE:  Write  dOv»n  minimum  and  maximum '  diameters;  write  down 


njaximum  s^aft  diameters  and  cylinder  location. 


FIGURE  ly-  Measuriffg  CranJishaH  Rodjournals ' 
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JOB  SHEET  #3 


D.    Assemble  No.  1  cap  and  rod  without  bearings  (inserf  shirns  if  provided) 
and  tighten  bolts  lightly  ^  "  ,  '  ^ 


(NOTE:  Tap  cap  lightly. with  rawhide  mallet  just^  before  final  tightening 
to  the  torque  wrench  setting  recommended.)  *^ 

Checlyod  bore  with  Inside  micrometers' or  dial  bore  gauge  for  o'ut-of-round 
(hgures  2  and.  3)  '     "      .  '  ' 


FIGURE  2 


FIGURE  3  -  Checking  Connecting^Rod  Crank 
*      Journal  Bore  . 


F.  Remove  caps  from  rods  and  clean  all  parji  '     ^   -  ^. 

G.  Obtain  new  bearings  to  give  the  correct  oil  clearance  with  the  maximum 
shaft  sizes  previously  recorded  in  C  above  '      *    ,    *  " 

^  (NOTE:  Bearing  clearance  can  also  be  mgasured  vyith  tfie  crankshaft  in  place 
by  using  va  plastigage.*  While  this  method*  will  give^the  bearing  clearance 
it^will  not  tell  whether  the  wear  i^fvon  the  Bearing  or  on  the,cranks[]aft 

*    iournaL)  .  .  •     '  .  ^  * 


J.. 
K. 


Compare  old  and  new  ^bearin^for  correct  oil  grooves,  holes,  arid  lips 

Insert  correct  lower  half  bearings  into  caps;  make  sure-lip  nests  into  slot 

Place  No,  1  rod  assembly  m  No.  1  cylinder  with' mar(<ing  in  correcVelation 
*  to  (Jamshaft;  do  the  same  with  other  rods 

Insert  upper  ha  l,f  tea  rings  into  bd,  halves  (now^i;i  engine);  smear  engine 
oil  on  bearing  surfaces  /       W  ' 
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JOB  SHEET  #3 


L.    Seat  rod  with^ bearing  in  place  upon  its  crankpin  and  check  rod  marking 
.'with  camshaft  position  * 

(CAUTION:  See  that  the  rod'  bolts  do  not  rouch  crankpin.)  '  ° 

M.    Assemble  No.  1  cap  and  rod;  do  the  same  wIthVods  IMo.  2,  No.  3,  untif 
complete'  •    ,    .  "  -  '  ' 

■  I  ■  ' 

(NOTE:  Markings  must  be  on  the  same  side>  with  shims  inserted,  ff  used 
'n_original^s^mbly.    See  Figures  5  and  6,*) 

Rod  - 


Upper 
Bearing 


'BearinV^^^^^'^>s 

Cap  V^^f 
Marks  N^lg 


Lower 
Bearir 
Cap 

FIGURE  5         <  ' 

*  if 

N,-    Take  up  on  bolts  lightly 


^'FIGURE  6 


(NOTE:^Tap  cap  with  mallet  to  find  natural  center.).  '  ^ 

0.    Tighten  with  'torque,  wrench  to  recommended  setting  * 
n        .  /  ^ 

.    (NOTE:  Rotate  crankshafl  by  hand;  after  tightening  Wch  rod,  to  make 
sure  it  does  nqt  bind.) 

*  '      S  ' 

p.     Check  complete  installation  in  this  order:  markings,  torque  wrerich  readings, 
^  crankshaft  tightness,  and  apply  cotter  ,  pi/is  or^ltJck  nuts/ 

Q.    Attach  oil  leak  detector,  if.  available,  as  final  check  on  both  main  and  * 
connecting  rod  bearings      '  '  ^ 
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.    ,      ,  'JOB  SHEET  #3     _        ,  % 

■    -  ■  '  '  •  • 

■p.    Qlfeani-oil  pan  and  oil  pump  screen  thoroughly 

S.     Ftei^l^pe  oil  pan  gaskets  and  assemble  to  engine  • 

T.,    Fiir*w1th  a  good  grade  of  oil  of  recommended  viscosity  to' stjit. the  season 

*U,    Replace  oil  fijter  cartridge 

V.    Clean  air  cleaner  jr. 

W,    Start  engine  and' run  just  above  idHng  speed  until  oil  gauge  registers  normal 
pressure      *  . 

X.    Ir^itial  break-in  oF  the*' epgine  bearings^^should  be  the  same  as  bp&fltcing  in 
a        enginfe^   '  j  >^  • 


PJSTON  AND  CONNECTlNq'jfeb  ASSEIVIBLIES 
.    '  '  UNIT  II 


TEST 


.NAME 


Mat^  the  terms  on  the  right  to  the  correct  definition's. 
.  a.  Outside  part   of  piston  below  ring 


grooves 

_b.  Area  between  ring  grooves 


_c.  Ties  piston  and /od  together 


d.  Hole  in-'piston  which  supports  piston*pin 

 ^B.  Clearancei  betweei^ends  of  piston  rings 

 Combustion    gases   escafing  "to  the 

crankcase  X 


_g.'  Overloading,  .causing  unusuaf  stress 
_h.  Glowing  or  burning 


J.   Upsetting  ihe ,  metal  to  decrease  the 
*   inside  diameter  or  increase  the  outside 
diameter  ' 

'  "   ♦  ^  , 

J.   Piston  pin  that  moves  in  both  rod  and- 
^piston 

_k.  Soft;  oil  soluble,- plastic  thread 


^  } 


2. 
3. 
4.- 
5. 
6. 
•7. 
8. 

9. 
10. 

11.- 


Piston  pfn 

» 

Piston  pin  boss 

^  Piston'' land  / 

Piston  skirt 

Ring  joints? 

Blow-by  . 

» 

Plastiga^e  . 

Full  floating 
pin 

Lugging' 
.Incandescent 
Knurling 


iff" , 
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^ist'three  functions  of  piston  sringsi 

a.  *  *  ' 

b.  '  .   "  ' 
c. 

Name  the  two  types  of  piston  rings. 

a,      ^  .  r ' 


Namte  thf;ee  common  types  of  ring  joinfe. 

a.  * 

b.  -  .  V       "  . 


c. 


.4 


Select  possible  causes  of  high  oil  consumption  and  blow-by  By  placing  an  "X" 
-in- the  appropriate  blanks^ 

 a.  Piston  rings  installed  .wrong 

 b.  Plugged  dil  ring       ^  '     <  *  ^  ^ 


jc.  Stuck  oil  ring  . 
d.  Burned  exhaust  valve 


^e.  Oyerall  wear  in- piston,  rings,  ^nd  cyjmder 


Identify  three  types  of  pjston  'pins. 


1 


bt  * ' 
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10.      Name  two  types  of  construction,  for  the  cap  end  {Of  a  conriec^ng  rod. 


a. 


11.      Discuss  the  reason  for  markinigs  on  the  connecting  rod,  piston,  and  bearing  cap. 


Q 


«  » 


12*.     .  Demonstrate  the  ability  to:     '    '   ^        -  ; 


a..    Service  piston  and  i,nstall  piston^  rings. 


b.  Service  piston  pin  and  connecting  ^^^^  ~    ^  * 

c.  Install  precision-insert  connecting  rod  bearings* 

(NOTE:^  ff  ihe§e  Activities  havte  not  been  accomplished  prior  to  the  test,  ask 

ydJur  instructor  when  they  should  _be  completed.!  /  - 


\ 
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J    PISTON  AND  CONNECTING  ROD  ASSEMBLIES 

■ .  •    •      .  ■ .  UNIT  II   ;    .  - 


a.  4 

b.  3 

c.  1" 


ANSWERS' TO  'TEST 


'  "  Bi  5. 

f:  6 

:   "g-  .  9- 

« 

10 


11 

k.  7 


a.     Piston  rings        ■  ^  •  ' 

B,    Piston  \  •  ■  ' 

c.  Piston  pin,    *  •  *  \    .        ^  ^ 

d.  Connecting  rqd  ' 

e.  .  Pistoo  pin  bashing        ^  ■  " 

f.  ^  Connecting  rod  cap  *     >         .  - 

g.  Bearing  shells  , 

a.  Receives  the  force  of  combustion 

b.  Transmits  this  force' to.  the  crankshaft  ^  ' 

c.  ;,   Carries  the' piston  rings  *which  seal  and  wipe  the  cylifider 


a.     Head  or  crown. 


6.  Lands 

c.  Ring  grooves 

d.  Skirt 

e*  Piston  pifi  boss 

a.  ,  Forms  -a  gas  tight  seal  between  piston  and  cylinder 

b.  Hfelps  tfool-the  piston  by  transferring  heat 

t.  jControls  lubrication  between^piston  and  cylinder  wall 
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a.  Cofripression  rings,-  ^ 

b.  Oil  control  rings 

a.  Step 

b.  Angle 

c.  Butt 
a,  b,  c,  e 

a.  Fix^d 

b.  Semi*floating 

c.  Full  floating 

a.  Square  cut 

b.  .Angle  cut 
Discussion  should  include: 


.On  the  piston-To. install  in  sam6  cylinder  and  on*^sdhie  side  frohfi  whicR 
removed  ^  , 

.b.    On  the  connecting  rod-To  install  in  sacrte  cylinder  and  on  same  side  ffom 
/  •  which  removed    *  .  '       «  -  > 

'   ^   .  X  \  '     ^    '  ,     -V  -  •'- " ; 

c.     On  the  bearing  ^cap-To  install  on  same  rod  gnd  on  same  side^  from  which 
.  removed  *  • ,  .  , 

Performance  skills  evaluated  to  th?  satisfaction  of  the  instructor  ,     ^  * 


r 
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C^I^SHAFTS,  GEAR  TRAIN.  AND  ENGINE  TIMING  T 
\  -  UNIT  III  ' 


"-  -  UNIT  OBJECTIVE 


After  completfon  of  this  unit,  the  student  should  be  able  to  identify  primary  parts  of 
a  camshaft-  arfd  parts  in  a  valve  train.  The  student  should  also  be-able  to -explain  valve 
timing  on  a  two-cycle  and  four-cycle  engine  and  name  the  gears  whit:h  are  marked  in 
the  gear  tram  to  insure  correct  valve  timing.  This  knowledge  wi[l  be  evidenced  through 
demonstration  and  by  scaring  eighty-five  percent  ijn  tlie  unit  t«st. 


SPECIFIC  OBJECTIVES 


After  completion  of  this  unit,  the- student  should  be  able  to:,^  *  '         ^  ' 

•1.       Match  terms  associated  yvith  camshafts  afd  gears  to  thexocrect  d'efinltions. 

■  C     2.  .  Name  parts  on  some  diesel'  engipes  that  are  actuated  by  the  camshaft. 
"    3.       rdehtifvf  three  primary,  parts  of  a.  pamshaft.  ^    ^    ''  . 

4.       Identify  four*parts  in  a  valve  train.  ' 
•  5.       Explain  Valve,  tinr^ing  on  a  four-cycle  engine.  '  '  \ 

6.  Explain  valve  timing  .on  a  two-cycle 'engine. 

7.  Name  fo^r  gears  fpund  in  a  typical  gear  train^  ^  , 

8.  ^Name  thYee  gears  which  are  marke'd  in  the'gear  train  to  insure.correctWlve , 
ti'mrng. 

*   ^     9.       Derrionstrate  the  ability  to:     ^    *       1  \  * 

»    ■  '*  ^  \ 

;    a-"^    Remove,  service,  and  jnstall  a  camshaft 

*        -  * 
^     b.     Adjust  valve  clearance  pn  a  valve-in-head  engi 
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camshafts; GEAR  TRAIN, ♦-AND'^ENGINE  TIMING 
•\    .  .        UNIT  III  ^  • 


SUGGESTED  ACTIVIXMES 

Instructor:*  '  "  '      -      .      •  ■ 

PiiOvide  student  with  objective  sheet.  ^ 

B.    Provide  student  ^fth  information,  and  rob  sheets^ 

^  ,  '     •  •  , 

tJ.*   Make  trihsparencies.        s    ♦  ^  "  '  >      '  _ 

*  ■ 

D.    Discuss*  unit  and  specific  objectives.  '   ;  '  .  * 

Discus's  Jriform^tion  sheet.  •  ^ 
-F,    toemoi^strate  and  discuss  the  procedure?  outlined" in  the  job' sheets. 
G.  Qu^e/est. 
Student: 

*   ♦       i  -  .  * 

A.  Re|d  objective  sheet.  *  > 

•  e  *  - 

B.  Study  .information  sheet.  '  ^ 

•  Complete  job  sheets,    '  *  , 

D.    Take  test.  ;  ,  * 

>^  .  •  ' 

INSTRUCTIONAL  MATERIALS 
'Ihcfuded  in  this  unit:' 

A.  Objective  sheet        *      ^        -     ^      ^     "  . 

B.  ^  Information  sheet 
,C.    Transparency  masters    .  . 

1.  .TM  1 --Valve  Clearance 

2.  ^    TM  2-;Parjs  of  a  Camshaft        "*  ' 
TM  3-Valve--Train 


V 


5.* 


4--(aears  in' a  Typical^ Gear  Train 
TM'S-^Timihg  Marks  on  Gear  Train 


f).    Job'sheefe"  ,  . 

1.      Job  Sheet  #1"Remove,  Service,  .and  Install  a  Camshaft 

2/     Job  Sheet  #2"Adjust  Valve  Clearance  on  a  Valve-in-Head  Engine 
 »  \  / 

E.  Test 

  «  . 

F.  Answjers  to  test   ^      '  " 

References:     /  _  ' 

A.  Fundamentals  of  Service:  Engines.  Moline,  Illinois:  Deere  and  Company, 
-1972.   

B.  Cummins  ^Engine  Company  Shop  Manual.' Colunyhus,  Indiana:  Cummins 
Engine  Company,  lnp„  1974. 

C.  Engine  Service  /Manual.  Peoria,  Illinois:  Caterpillar  Tractor  Company,  1972. 

D.  Detroit  Diesel  Engines:  Service  Manual.  General  Motors  Corp.,  1972. 


V, 


 ...  ^ 


( 


\ 


( 
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CAMSHAFTS,  GEAR  TRAIN,  AND  ENGINE  TIMING 
*        UNIT  III 


'    ,  INFORMATION  SHEET        .  - 

I.    Terms  and  definitions  ^ 

A.  Caori  lobes-Eccentric  on  the  camshaft  which 'change's  rotary  motion  to  linear 
motion 

B.  Backlash-Clearance  between  meshed  gears  ^ 

C.  Dual  valves-Two /Valves  operated  by  a  single  rocker  arm     *  >  ^ 

'  — n'"  ^ 

D.  Bridge  or  crosshead-Permits  a  single  rocker  arm  to  depress  dual  valves  . 

"  '        .     E.    Valye  clearance-Definite  clearance^  between  rocker  arm  and  valve  stem 
(Transparency  1)'  ;  *  ■ 

F.  Cam  followers-Drive  the*  push  rods  to  operate  the  valves 
(NOTG^Dam  followers  may  also  be  called  valve  tappets.) 

G.  "  Hydraulic  valve  lifters-Noiseless  cam  followers  that  automatically  adjust  for 

valve*  clearance  -  ^ 

II.    Parts  actuated  by  the  camshaft  on  some  diesel  eagines 
V  .        A.    Intake  valve^ 


B.    Exhaust  valve 

C-    Unit  injector  ^ 
D.    Air  staf^ting  valves  " 
III.    Bri-marY  parts  of  a  camshaft  (Transparency  2) 

A.  Drive  gear 

B.  Cams 


C.    Bearing  journal         \         /  ^  * 


IV.    Parts  in  a  valve  train  (Transparency  3)  ^ 

A.  "Valve 

B.  Rocker  arm  • 


96C 


INFORMATION  SHEET 
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C.    Push  rod  \ 


p.    Cam  follower  ^   '  . 
V.    Valve  timin^^n  a  four-cycle  engine  ^ 

A.    Camshaft  turns  at  on^  half  the  speed  of  crankshaft  . 


B.    Each  valve  is  opened  and  closed  once  during  two  revolutions  of  the 
crankshaft     ,  .^^  ^ 

•VI.    Valvfi  timing  on  a  two-cycle  engine  • 

^    •     A,    Camshaft  turns  at  the  same  speed  as  crankshaft 

B.    Exhaust  valve  is  opened  and^closed  once  during  one  revolution  of  the' 
crankshaft  — /F*' 

(NOTE:  ^ntake  portMn  fcylinder  liner  is  uncovered  by  the  piston  once  during 
,  one  revolution  of  the  crankshaft.) 

VII.    Gears  in  a  typfcaU  sear  train  (Transparency^  4) 
»  • 
A.    Camshaft  gear  *         ,  • 

&.    Crankshaft  gear  .  c\  .  ^ 

C;    Idler  gear  ^  , 


D.  »Fuel  injection  pump  and  governor  drive  gear       ^  ' 
VIM.  ^ears  marked  to  insure  correct  valve  timing  (Transparency  5)  ' 


A.  Crankshaft  gear  teet\^ 

B.  Idler  gear  teeth" 

C.  Camshaft  gear  teeth 


C7 
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Vajve  Clearance 


Valve 
Clearance 


^ 


Valve  Closes  and  Sjells 
.  *  Gases  in  Cylinder 


No  Valve 


Clearaiiee^'i 


^Valve  Doesn't  Seat. 
Power  is  tost  and  Valve 
^  :  Overhead; 


'•C  . 
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Problem  ofjqo.  Little  \^lve7Clearanc6 


Parts  of  a  Camshaft 


9 

s 


Dm/e  Gear 
(Not  Shown 


Bearing  Journal 


Drive  Gear  i 
Cam 


Bearing  Journal 


,.^D  ■  101-C 


Valve  Train 

(Valve  -  in -  Head  Engine) 


Rocker 
Arm 


Push 
Rod 


Val\^ 


1 


Cam 
Follower 


Camshaft 


'A 
) 
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TM  3 


Gears  in  a  TypiqarGear  Train 


Camshaft  Gear 


•  Fuel 
fnjection  Pump 
and  Governor 
Drive  Gear 


nming 
Gears 


0 
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Idler  Gear 


Cranl(shaft  Gear 


A  ^ 


♦  * 


on  dear  Train 


Fuel 

and  Governor 
Urivej  Gear 


Idler  Gear 


Crankshaft  Gear 


CAMSHAFTS,  GEAR  TRAIN,  AND'eNGINE  TIMINff- 

UNIT  llT  '  ^     '  \ 

•  ■ 

JOB  SHEET  #1 --REMOVE,  SERVICE,  AND  LNSTALL  CAMSHAFT  ' 

I.    Tools  and  materials*'  • 

A.  Outside  micrometer       ^  ...  ■    .  ' 

B.  .Inside  micronieter  or  telescope  gauge 

C.  Shop  towels  .  ? 

D.  Ap|>ropriate  rhanufacturer  s  service  manual     ■  - 

II.    Procedure^  >        ^      *  ^  ;  - 

A.  Inspect  camshaft  journals  for  signs  of  wear  or- out-of-round  condition 

B.  'Measure  the  camshaft  journals  with  an  outride  micrometer  (figure  1) 


108-C. 


JOB  ^HEET  #1 

C.    Measure  the  camshaft  bores  or  bearings  with  a  telescope  gauge  aifid  outside 
micrometer  i  Figure  2)  ^     ^  '  * 


FIGURE  2 


Measuring  Camshaft  Bores 


D. 

if. 
G.- 
H. 


ComMre  the\  re's u Its  with  specifications  given  by  the  manufacturer 


Usin^Wicrometer  check  ^cF  cam  lobe_j|or  height 
Compare  intakes  to  other  intakes 

Compare  exhausts^tO' other  exhausts      ^  ^     ;  \ 

Replace  camshaft  if  manufacturer's  specifications  'are  not  met 
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CAMSHAFTS,  GEAR.  TRAIN,  AND  ENGINE  TIMIn¥ 
•   UNIT  III 


JOB  SHEET  #2--ADJUST  VALVE  pLEARANCE 
ON  A  VALVE-IN-HEAD  ENQINE  « 


I.   Tools  and  materials 

A.  Correct  size  end  wrench 

B.  Screwdriveff' 

C.  Feeler  gauge 

D.  Shop  towel 

r 

Er  New  valve  cover 'gasket  •      •  .  '  . 

•     *     %  ^  • 

II.  Procedure 

A.  ^Start  engine  and  bring  to  normal  operating  temperature         ."^^  ^ 
(NOTE:  See  manufacturer's  reqommendation  for  hot  or  cold  adjustment^* 

B.  Clean  all  dirt  and  oil  from  around  v^lve  (iover  and"  remove^ 
\       '  ,  ^      •     .         '  . 

Ti^rn  engine  over  until  ptston  in  No.  1  cylTnder  is  at  top  dead  center  on 
'the  compression  stroke  (Figure  1)        ~  ' 


FIGURE  1 


I  ndicator 


a? 


^Flywheel  Housing 


jNOTgj  During  the, copfipressjpn.  stroke,  both  valves  must  be  closed  and 
^the  push  rods  must  be  loose.) 


•  JOB  SHEET  #2  '  • 

r 

D.,^  Using  a  feel'er 'gaif^^,  check  the  valve  clearance  (Figure  2) 


-Exhaust  -Valve 


Intake  Valve 


Feeler  Gauge 


FIGURE  2 


(NOTE:  Distinguish  between  the  intake  and  the  exhaust  valve  because  the 
clearance  may.be  different.)       .  '  '   ,  * 

E.  .  Adjust  to  manufaCTurer's  recommendation  by  loosening  lock  nut  and  turning 

v^lve  adjusting. screw 'up  or  down  with  screwdriver, 

F.  Tighten  lock  nut  with  ^d"  wrench 

G.  Rotate  the  engine  crankshaft  in  its  firing'order  and  adjust  valve  clearance^ 
when  each  piston  reachBS  T.D.C.  of  its  compression  stroke 

(NOTE:  Two  or  three  sets  of  valves  may  be  sef  at  a  time  with  one  rotation' 
of  the  crankshaft.) 


H.'    Install  .valve  cover,  using  a*  new  gasket 


CAMSHAFTS,  GEAR  TRAIN,  AND  ENGINE  TIMIJMG" 
.0  •.  UNIT  III 


NAME 


TEST 
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Match  the  terms  on  the  right  to  the  correct  definitions. 


a. 

Eccentric  on  the  camshaft  whirh  rhan'npc 

1 

1 . 

Dfiuge  or 

rotary,  motion  to  linear  motion 

crosslrfead  ' 

2. 

b: 

Clearance  between  'meshed  gears  "^J^ 

Dual  valves 

c. 

Two  valves  operated  by  a  single  rocker- 

3. 

Cam  lobes 

arm  . 

4. 

Backlash 

d. 

Drive  the  push  rods  to  operate  the  valves 

CanvfoJIpwers 

e. 

Noiseless      cam      followers  '  tha*t 

automatically  adjust  for  valve  clearance 

6. 

Hydraulic 

valveJifters  . 

f. 

Definite  cleararicja  between  rocker  arm 

and  valve  stem 

7. 

Valve 

clearance 

g- 

Permits  a  siogle  rocker  arm  to  depress 

\ 

dual  valves^ 

Nanne  tFfl^  parts  on  some  diesel  erfgines  that  are  actuated  by' the  camshaft?g;s^. 
.a.       •  '        -      ■•■  .       '  '  ^  • 

Identify  three  primary  parts  of  a  cam'shaft. 


ai 

b.  , 

c.  ■ 


112-C 


4.    identify  four  parts'  in  a  valve  train. 


CT  


a. 
b. 

»  • 

c. 
d. 


Explain  valve  timing  on  a  four-cycle  engine. 


L 


-V 


Explain  valve  timing  on  a  two-cycle  engine. 


r 


/ 


  7.  .   .Name  four  gears  found^in  a  typical  gear  train. 


9-v 
d. 
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8.  I    Name  three  gears  which , are  marked  in  "the  gear  train  to  insure  correct  valve       -  ° 
• timmg.  , 


a. 
b. 
c. 


J 


3.       Demonstrate  the  ability  to:  t 

a.     Remove,  'service,  and  install  a  camshaft, 
ufc   t^b.     Adjust, valve  clearance  on  a  valve-in-head  engine. 


(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask  * 
.  your  tnsrtructor  when  they  should  be  completed.) 


7' 


\ 


I 
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CAMSHAFTS,  C^AR  f  RAIN,' AND  ENGINE  TIMING 
^  I        UNIT  III 


1 


ANSWERS  TO  TEST 


-a.     3  '       e.  6 

b.    4  ^  \^      f.  7 

a  2  .   9.  1 

d.  5 

Any  three  of  the  ^following: 

a.  Intake  valve 

b.  Exhaust  -valve 

c.  Unit  injector 

d.  ^ '  Air  starting  valves 

a.  Drive  gear' 

b.  Cams         *  \ 

*  • 

c.  Bearing  journal     '     .  >  _ 
a.  Rocker  arm 
b'r  •  Valye 

c.  Push  rod  /  .  .  / 

d.  Cam  followJir.  .  " 

^  -i   ^  * 

5.     i  Explanation"  shoura' incfude::^  \  " 

a.  Camshaft  turns  at  one-half  the  speed  of  crankshaft  ^  *  - 

b.  Each  valve  ir  opened  ah'd  closed  once  during  t^orr/v.olution$  of  the- 
crankshaft 


2Sr 


Explanatmn  should  include:         ;  '  - 

a.  ^   Camshaft  turns  at  the  same  speed  as' crankshaft 


Exhaust  valA^e  is  opened  and  closed  once  during  on^  revoftftion  of  the 
Crankshaft  .      ^  ^  .  _  \.  .    '     ^        .  .  ^ 
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a.  Carfishaft  gear 

b.  Crankshaft  gear 

c.  Idler  gear 

d.  .  Fuel  injection  pump  and  governor  drive  gear 
a.^    Crankshaft  gear  teeth 


t  gear  tee 


b.     Idler  gear  teeth 


c.    'Cam^aft  gear  teeth  , 

Performancte  skills  evatuated  to  the  satisfaction  of^the  instructor 


0 
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Ffr^\MES  AWD  CYLINDER  blocks' 
UNIT  '     '  ' 

'  '     UNIT  O^BJECflVE 


After  com-pletion  of  this  unit,^  tHe  student  should  be  able  to  natriQ  thg  stationary  parts 

of  three  typical  frame  designs.  The  student  should  also  be  able  to  name  three  ways  cylinder 
-  blocks  may  be  constructed  in  ree[ard  t5  the  cylinder  proper  and  match  the  types  of  finen! 

to  statements  on  wet  and  drV  liners.  He^should  also  be  able  to  inspect,  remove,  and  replace 
•  a  cylinder- Imer.  Thi^  knowledge  will  be  evidenced  .through  demonstration  and  by  scoring 

eighty-five  percent  on  the  unit  test.  . 

*'  .  •  ^  » 

.        ^  ,        SPECIFIC  OBJECTIVES^  \ 

After  completion  of  this  u^t,  the  student  should  be  able>to: 

1,  •     Match  frame  and  cylinder  block  terms  Wkh  the  correct  functions 
'2.       Name  the  stationary  parts  of^three  typical  frame  designs^ 
 Describe- the  purpose  of  through-bolts  on  an  A-frame-dfestgn  engine: 

r  6. 

'I.       Demonstrate  the  ability,  to  <fgpj3^fe|p|ove,  and  "replace  a  .cyiinderjiner, 


Name  three  ways  cylindef  bloclf^  may  be  constructed  fnjregeu^  to  the 
cylinder  proper.       t<  *  .  '   t  « 

Name  two,  advantages  a  removabl^^n^Ss  over  the  integfef  cylinder  bore. 
Match  the  types  of  lineft  to  .statifpnts  or^  wet  an'ekdry  linere. 


J 


■  # 
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FRAMES  AND  CYLINDER  BLOCKS 
.  '     ^  UNIT  IV 


D  -  ng-c 


SUGGESTED  ACTIVITIES 


I.    Instructor:  , 


A,    Provide  student  with  objective  sheet. 

Provide  student  With  jnfojrnation  and  job  sheets. 

C.  .  Make  transparencies.   ^     '  »  • 
^  •    D.    Discuss*' unit  and*  specific-  objectives.  \^ 

E.  ^  Discuss  informatiofi  sheet.  .  • 

F.  Demonstrate  andfdiscuss  the  procedures  outlined  in  the  job' sheet. 
.  '  G.    Give  test.' '  ^ 

II.  Student: 

A.^  Read  objective -sf^eet.  , 
.  B,  Study  informatloi^  sheet. 
•  C.    Complete  job.  she^t. 

D.  Take  test.  • 


UMStJeicTIONAL  MATERIALS 


Included  in  this  unit:! 
"^A.  jjDbjectfye  she^t^^ 
BI    Information  sfreet^  ?^ 


C.    Transparency ,  masters'  - 

^1..     XM  VEngine^.  Frames 
2-    \       2-CVIiR^er  Uners 


3^^'%lV|^.^0yj;j^j^j.  BJock/and  Cylinder  Lmfr  -J 


^ERIC  • 
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D.    Job  Sheet  #1"ln'spect>'  Remove,  and  Replade  a  Cylinder  Liner 
E*    Test  *  .  *    '  •  '        ^        .  ^ 

F.    Answers  to  test     •  . 

References:  •      '    *  .  • 

A.  Kates,  Edgar  J.,  and  Luck,  William  E.  Diesel  and  High  Compression  Gas 
.  Engines.  3rd  ed.  Chicago:  American  Tfechnical  Society,  li972. 

*  *        ■  '       •  '  ■»  . 

B.  Fundamefitals  of  Service:  Engines.  Moline,  lllindis:  Deere  and  Companv. 

1972.        \      '  '  .       .  .V 

C.  Cummins  Engine  Company  Stiop  Manual,  Columbus,  hdiana:  Cummins 
.Engine  Company,  lnc.,^1974. 
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FRAMES  AND  CYpNOEFf  BLOCKS- 


UNIT  IV  .       •  ,  » 


-  INFORMATION  SHEET 


Frame  and  cylinder  block  terms  and  functions  • 

A.  Frame-Stationary  part  which  supports  engine  and  keeps  moving .-part^in 
line    .    *         o       ,  *    ,  t        -  *    ^  ' 

B.  *  Ajframe-Center  f^ame  has  shape  Jike  an  "A"  aTid  supports  cylinder  blocks. 

C.  Bed  plate-Supports  maW  bearings*      '  '  ^ 

****     ,  .    <  .     ?    1^  ■ 

D.  Center  yrame-Carries  cylinder  finers" 

E.  Through-bolts-Tle^  the^-bed  plate,  center  frame,  and  head  together 

F.  -Jntegral  cylinder-Cylinder  "and  wa;er  jacket  cast -in  one  piece 

G.  ,    Cylinder  liner-Inside  sprface  of  the  cylinder 

l^.j  Wet  liner-Liner  is  inserted  into  cylinder  casting  to  form  waxer  [acket 

I.     Dry  Jiner-Makes /metal  to^ metal  pohtact'with  cylinder  casting  containing 
water  jacket  *    ■  *  *      '  ^  - 

Stationary  parts  o.f, frame  designs  (Transparency.  1)"       ■'  ' 


•  1.  "    Bed" plate. 


A.  Two-piece"'frame 

9"  ^' 


.2.       Center  frame  '       ♦  < 

#      <  *^ 

^  tNOTE:,For  sta;tipnary  engine's  which  rest  on  ^  substantial foundatiiiri^ the 
'   twtf-Fj^ce  construction  is  most  ^widely  used.)  ^ 

B.    Three-piece  frame     *  '        *      "  ^         *  -  . 

1 .  *  Bed  pTate  .  *       .       '  ^ 

""9  •  »  o  '  ^ 

\  ir  .        •  "  -  •  . 

i  .       ^  , 

2.  Center  frame        *       »        *         ,    '   ,  "       .  ^ 
,  3.    . -eylinder. block      .         •  '    .  '       .  ,  , 


INFORMATION  SHEET 


A-frame^' 
m     1.       Bed  plate 


C^nter^  frame 


 7^ 


'  .  .  (NOTE:  Another  fr^me  design  is  the  autofnotive-  type,  ir\  which  case  the 

.  Jaeacmgs  are*  underslung  frorruthe  ui5per  section  and  the  lower  section  is 

,  a  crank  pan.)     ^  '       ^  ^  , 

,  A-frame  design  with 'thrx)ugh -bolts  ,  ^  * 

A.  Bed  plate  supports  frames  ■  >  /• 

B.  Frames  support  cylinder  block         *  . 

C.  Cylinder  block  supports  cylinder  head        '  .       ,  - 

D.  Through?bolts  tie  A,  B,  and  C  together  • 

Cylinder  block  Construction  (Transparency  2  and  3)  i 

A.  CylinderjDpre^n  integral  part\of  bldck*'  ' 

B.  Cylinder  bore- with  rerhovable  wet  liner 

C.  Cylinder  "bore  with  removable  dry  liner         ^  - 
A^yan^ages,  of  removable  liners  6vef  -integral  cylindef  bore 

A.  'Allo.wt  room  for  expansion  lengthwise    ^  ^ 

B.  JVlay  be  replaced  separately  when  worn     ^  ^ 
-Wetland  dry  liners  (Transparency  2  and  3). 

A.  Wet  liners  '  - 

1.  .     Provide -better  coofing  of  cylinder'  . 
/   ^.  .    May  be  replaced  separatel^y  .worn  * 

B.  ^ry  liners    •  .        :    »     .  *  .  ' 

1.       Less  trouble  ,ta' replace  * 

Less^expensive  .    *  .      .       '      -  * 
Allow  room'  for  expanpion  lengthwise/^ 


.r 


May  be  repfaced  separately  wh^n  woItt^^ 


D  -  \23-x:  :. ; 
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Engine  frames 


Automotive -Type  Frame 


■Evyo-Pi6Ge -Frame 


I  I  ^Ittylirider  "  ^ 

,  /     ' Frame 

Cenier'  •  ' 

■ "    .--^  -  ■ 


Frame 


Bed  Plate 


Jhr^e-Piece  Frame 


^rame  Cons^etipn 
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Cylirtder  Cast  as  One  Piece 


ERIC 


Cylinder  Lineis 


Liner  is  A  Steeve 
Iniside' the  CyHnder 


Dry  Cyfind^r  Liner 


/  4 
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liner  Forms 
The  Cylinder  Itself 


Wet  CylinjIelfvLiner 


Cylinder  Block  and  Cylin^r  liner 


^tuds  toxoid  Cylinder  Head 


Wgt  Type 
Cylinder  Liner 
Partly  Withdrawn 


r  J. 


''■if''  *v- 


i 
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FRAMES  AND  CYLINDER  BfeOCKS  - 


UN  If 


IV 


,  JOB  SHEET  #1-INSPECT,  REMOVE,  AND  REPLACE  A  CXLINDEFT  kJNER 

l\"  Tools  and  materials       .         *  . ;  ' 

A.    Cylinder  gaug#  wiih  dial  indicator  or  inside  micrometers 


B. 

Screw  type  pulljng  tool  or'liner' removing  fool 

{« 

C. 

Alew  scaling  rings     •   .  • 

*  ' 

,D. 

Compressed  airsupply^     -  . 

'  E. 

Manufacturer'^  specifications  *"on  .cylinder  wear  limits 

F. 

Commercial  scale  .r^m;over^  -    *    .  \ . 

Grease^  or  soap             *  , 

'  Wire  brush      ^    .      .              .     T  ,  ^ 

•  l". 

Basic  hand,  tool  set 

II.  /Proc^ure  •  .        ■      ^  • 

.       A.    Remove^ cylinder  head/  oil' pan,  and  pistons^  '  '  v  •  > 

B.    Inspect  "liner  for  wear        ^  ,     .     ^>  '   ^       •    '       ^  . 

•  .  •     -O   ,  ;\ 

.  Get  a  cylinder  gau.ge  with  aVtlial  indi^cator  '  .  ' 

.  Set  contacts  ^to  original  Size  o.t  bore  9nd  turn  ^ial  indicator- to 

\     .    '  '  read  zerb  .  :  \  ^  '  *  *  \  ^      .  ■? .  • 


3.'      Press  in  on  contacts  and  slide  gauge  jfjiflo  thg  hgre  /     '   •     •  '/ 

4-       Slide  gauge  slowly  tip  and  down  in  cylinder  then  around  in'^.: 
J  -  .     pylinder .      .  ^    ,  ■  ^        ;  *  ^  ^ 

5.       Checkiigauge  readings ^agafnsvn^  maximum  alloweble  ^' 

clearance       -        •       •  '  ,  ^  ^ 
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.  JOB  SHEET  #1 


C.     Inspect  to  find  ta 


1.       Measure  theboTen^rallel  to  the'crankshaft  at  both  the  top  and 
the  bottom '(Figure     ^      /  ^  .  J 


FIGURE 


2., 
3. 

.4. 


Measure  ^  right  angl^to  thfe'cran^haft  at'both  tl^|^p  aiid  the' 


boftom    •  '     ^  .Jy'^-rjft 


Compare  the  top  parallel  reading  with  thebottofD  parallel  readinq 
(NOTE:  The  difffirencey\A/ill  be  taper  f or ^-'quaVter' section.) 


Connpare  tHe  to^  rigKt  angt/' reading ^^o^e  bottonwight  angle  *- 
reading  ■     %  "    »      .  ^''""^^^--.^^f^ 

be- taper  90''1rom  the  quarter  section.)  ^ 


■/  (NOTE:' The  differenc^lAA] 

D.    Inspect' to  nneasure  out-6f-round / 


1. 


Measure  the  bore  in  a/ po?it|Dn  parallel  to  crankshaft 

Measure  in  a  position 'at  right  angles  to  the  crankshaft 

(NOTE;  The  difference  will  \show  hoW- hiuch^  out-of-round  the 
^       ^cylinder  is  at  that  poi?tt.)  .     /  l^"  '\ 

■"^  Example:        If  the  enginejsore  is  6"  and  it  is  more  than -.015 
out-of-round,  thi  liner,  should  l)e  replaced  , 

''■*  ;  ■     A        .  ■  ■     ■  . 
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JOB  SHEET  #1 


Rejnove  liner 


2. 


Record  the  m.arkinj/on  top  of  liner  .ahd  cylinder  block 
(NOTE:  lf-i=^er^arked,  make  mark  before  removal.) 

^  Use  sorevv^  impact  typ6  pulling  tool  and  remove  the  liner  (Figure! 

2)       V  <         '  \ 


r  '  FIGURE  2*  ^ 


•J. 

K. 
L. 

•  « 


Discard  all  used  sealing  rings 
'Clean  cylinder  block  bores  using  st^Brh  > 
Dip -bores  in  cleaning  ^oftrttorr 
•CJean  oil  passages  using  wire  brush  * 
Blow  out  .with  compressed  air  \  ^  ' 

Clean  waiter -passages  using  commercial  scale  remover  * 
Follow- n^nufacturer's  recommended  proce^Jures 


Install  new  or- rebored  iiner  •  ■ 

.Adjust  liner  '  projepti^n  .  in  ^'accor^an<:e  to  fT7anufac#ref!s  . 
specifications  *  «     •     ?.         .  _        _  i 


2. 
3. 

.6: 


4  Place-new,  sHjing.  rings  in  correct^  grooves    -  -'^ 
,  Cbar|entire  outer  surface  with  soap  or  "grease. 
^  Set  Liner  squarely  in  icylinder  bore  and  press  firmly 
Pull  down  with  cylirjder  head  stucj  nuis  * 


I  475  ' , 


D  -  133-C 


.1. 


FRAMES  AND  CYLINDER  BLOCkS' 
UNIT  IV 


^'  ^ESt 


'NAME  - 


Match  the  temis  on  the  right  to  the  correct  functions. 

2. 


_a.  Stationary,  part' which  supports,  engine 
ind  keeps  movir\g  parts  in  line 

Center  frame  has  shaiJe  like  an  "A"  and 
supports  cylir^der- blocks.  "  • 

_c.  Supports  main  bearing  — 


Dry  liner  ^ 

A-frame*  » 

Cylinder 
liner' 


_^d.  Carries  cylinder  liners 


.    , '  —4.  Integral 

cylinder,  / 

_e.*  Ties  the  bed  plate,  center  frame,  and*  , 
— ^  tiead  logeiher  ^— ^  "  5,       Wet  liper^  _ 

_f.  Cylinder  and-w^er  jacket  cast  in  oije  *  "        .  Center*  frame 
piece    \  -  .  /   \  i  " 

.  ^'Ti:  .   7^  ;  V  B§d  plate  . 

_g.  InSide'^rfabe/  of,  the-  cylinder 

■  ^       '  .  .  ^  \  '       87  Z'.  Throagh-boLts 

__h,  Un^r  IS  inserted  into  CyJincfei' casting  to      ^  \ 

forn^  water  jacket  .  ^'  ^  9 A  p^a^-^^  ^ 

j^.   MakeiLjpetal 'to  m      contact  with  J 
cylinder  casting  cpnt?^™  water  jacket    ^.  ^ 

Name  ttie  stat^n^ny  parii  Of  thfee  typjcal- frame^  designs. 

a.  ^  T'wo-pieo8^^e:;^o  ' 


1-) 
2) 


b.  .  Three;piece  framed 

'  J) 


c. 

/ 


2)  / 
A-fFame 

'  '■^)  ' 


7; 


c 


2) 
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Describe  the  parnpse  of  throiSgh-bolts  on  an  A-frame  design  engine. 


mrne  three  wi 


0 


ways  cylif^r--blQGks-4TOy--be^-mistru  regard  te-^he-cylinder 


proper. 


a. 

I 


Slame  two  advarvtages  a  removable  liner  has  over  the  integral  cylirtder  bare. 


a. 

b.  V 


Match  the  types  of  liners  on  the  right  to  stMe'ment?  op  wet  an^;.dry.^iners. 


a.' 'Less  trouble  Xo  replace 


1.     .Wet  liner 


b.  Less  expensive 


2,  ,   Dry  liner 


_c.  Provides  better  cooling  of  cylinders'" 
d/  M^y  be  replaced  separately  when  worn 


"  ■e.f  Allows  room  for  expan'^ion  lenrthwjse 


Demonstrate  the 'ability  to  inspect/*ne#no>^e,  ajd,  rfeplact  ajcylinder  liner. 

(NOTE:  If  this  actiyity  has  not  been  accomplished  prioK to  the  test,  ask^your 
instru^or  when  it»  should  be  comprte^d:)    •  ^ 


1'  . 
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^NIT  IV  ■ 

/  '     ...       ^.       ANSWERS  TO  TEST- 


1.,  a. 

9 

f.  4 

2 

■     *  '3 

c. 

7 

-  d. 

6 

e. 

^      >^     - ' 

Two-piece  frarrte 

'  1) 

Bed  plate 

.2) 

Center  frame 

Three-piece  frame 

1). 

Bed  plate 

; 

2) 

Center  frame 

'•  .3) 

Cylinder  block 

A-frame 

<> 

1) 

\Bed  plate^  \  ^ 

2)    ^  Center  fr^e 
Description  should  include: 


a;    B.ed  platfe  supports  frames 
.  -  b.     Frames  support -'cylinder  block- 

c/ Cvlindfer  block  supports  cylinder  head 


d.    Through-bolts  tie  a,  b,  and  c  together 


a.  Cylinder  bore  an  integral  part  ^of  block' 

b.  Cylinder  I  bpre  wiih  removable 'wet  liner 

c.  Cylinder  bore  with  .removable  .dry  liner 

■ „  ~~'  ".478. 
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./  ■ . 


6- 


*  5.      a.     Allows  -roonl  for  expansion  lengthwise 
t        b.     May  -be  replaced  separately  when  wprn 
6..  •  a.  ■  2     ^  '  .  )• 


b.  2 

c.  1 

d.  1  and  2 

2: 


e. 


\ 


7.       Perfofmancfe  skills  .eyaWated  to  -the  satisfacttpn  of  the  instructor 


1, 


•-V 


.1^ 
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,crankshafts„'and  BBARINGS- 
u'nit'v* 


•■    .      -UNIT  OBjfeCTIVE  ^  • 

■    .  "r  •  ■  ' 

After  completion  of  this  u^lt,"  the  student  shoiild  be,able  to  name  the  parts  of  a  crankshaft 
^  .and  explain  how  the  crankshaft  and  surrounding  parts  are  lubricated.  The  students  should 
al.so  be  able  to  list  engine  indications  of  bearing  failure  and  disassemble,  inspect,  and  replace 
crankshaft  assembly  and  engine  bearings,  this  knov^ledge  will 'be  evidenced  through 
demonstration  and  ' by  scoring' et#ity-five  percent  on -the  unit  test.  ■  .         -  • 

-■  ■ 

^    .Specific  OBJECTIVES 

After  completion  of^|s  unit,  the  student  should  be  able' to:  *  \ 

A  ■        *  ^         '  " 

1-     "  Match  terms  associated  with  crankshafts  and  bearings  to  the  correct 
definitions. 

2.  Name  four  types  of  crankshaft  constrbctlon. 
« 

3.  Name  six  parts  of  a  crankshaft.        -  -  ; 

4.  List  the  effects  of  the  arrangement  of  crankshaft  throws. 
?'  >  ^  ^  •  •  ' 
5*       Match  the  ".arrangement  of  crankcase  throws  to*  the  number  of  cylinders 

in  the  engine. ,  . 


'>4^  10 


6.  ^  Name  three^A/ays  cranksjiaft  balance- is  .maintained. 
^  .        *       *                        j[  . 

7.  Explain  the  lubrication  of  the  craht^shaft  .  and  surrounding  ^parts'." 

8.  VDistibguish  between  a  buahing  and  *a  bearing.,  , 

"9.  'Nanrje  three  materiajV.used  ih  malyt^g  beating  linings. 

Name  two  types  of  -bearing  locks.  ^  '  *  0 

11.  •  Explain  whati^  is  meaht  by  bearing  crush. 

12.  Jtate  the  purpose  of  oif  grooves  ih  the~  bearing.  .    ,  ^ 

13. -  Name  two  types  df  thrust 'bearings.  \  \/ 
14;  ^  List  three  engine  lnd|^ons  of  bearing  failure. 
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•    •  CRANKSHAFYS.  At^D  BEARINGS^ 

♦  *  f  * 

•  •  '         -  SUGGEST ED^XCTIVITIES  ^ 

1.  .  Instructor:  .       *  /     .  ^ 

A.  Provide^udent^  With  objective  sheet. 

B.  ^Provide  student"^  with  information*  and  job  sheets. 
**"  '  . 

Make  transparencies.  ' 

"'.'/'♦' 

Discuss  unit  and  specific  .objectives.  ^ 

E.  Dis(^3  information  sheet..  ♦       .  |.  :  * 

F.  Demonstr^'  and^discuss  the  procedures  outlined  in  the^job  sh^et..  I 
*    G.    Give;  test.  -  ^         "  '  J  .      ^  * 

JU    Student:      -     ■     -       v  >       .  .i^  '  ♦ 

A.  ..Read  objective  sheet. 

"  ^  B.    Study,  information,  sheet./  - 
*  \   C  ^CoVnplete.fbb  sheet. 

■  '^D.    Take  test.        *'  - 


INSTRUCTlbNAL  MATERIALS 


L  ,  Included  in  this  unit:  ^ 
.  A.    Objective  sheet/ 

r 

B.    Informatian  'sheet 


'C*    Transparency  masters 


4 


"TM  1  "Parts  of  the  Crankshaft 
•TM  2-1^}:j:angement  of' Crar>ksha^  Throws' 
Tiyt^Sj-CounterWe^hts,  Vibrationj  Damper,  artd  Flywheel 


140-C 


I 


I' 


I- 

It'. 


5. 


i 


6. 

-7. 
8. 
9.' 


TM  5-^Bushings  and  BeaFfngs 

Tli/I  6--Bearin§  Locks   .  ^  . 

TM  7-Bearing  "Crush      •  t 

TM  8-Bearing  Oil  grooves  •  ' 

TM  9-rTypes  of--Thrust\Bearings 

^     i  * 

o  W/  ^  TM  10-Causes  oj  Beaijing  Failujp  t  ,  ^\^" 

'  ''^        •  ^    'I  ^  ■      '  -  ~ : 

D.  ;  Job  Shieet  #1 -Disassemble,  Irispect^and  pfeplace  Cr^ankshaft^A^feffitJly  arid 

Engine  Bearings         »  .  "  ^  J  ''  •''r,.. 

E.  Test 


'  F.    Answers  to  test 
'  _  <^ 

References:' 


/  A.    £r7flr/V7e  Bearing  Service  Manual,  8th  ed.  Detroi.t,  Michi#i:  'Federal-Mogul* 


Engiak  Service'ii/fanciaL  Peofti;,jlllinois:  .G^terpillar Tractor  Compjany 

'  ^     ^-      .  ^      ,      r     '  >  '  ^ 

p.  f 'Cummins  Engine  Company  Sijop' Manual.  Cc(liinr^us,  JndUKfa 
.>;\^  Engine  Company,  Inc.,  1974.      /  '    *  »  ' 


D.'    Fundamentals,  of  Service:  Engines.  Molinff,  lllinois:v;|Jeef:^nd  Conapahy,  * 

/S|  '   1972.  :-iV'  - 


if ' 


'    \  '        CRANKmA'F'lS  ARD~"BE7rRTNGS 

.  ^  UNIT  V        ^  ' 

'.^       -  ...INFORMATION  SHEET  • 

.  ''  '     '  ■  \  "   ^ '  ■'  • — 

I.    Terms  and  definitions  ^(Transparencv.  1 ) 

A.    IntQgr^l  cj-anj^shaft-Made  Wm  a  singlje  billet  q^f  steel  « 


^^ij.  )  ,^  /B.*^    Journal "That^  part  of  a  shaft  or^'axle  in  contact  with  the  bearing 

fr  • .   ^"  * 

,^     ^      •  .  '  C.,  ^Crankshaft  throw-Two  crankshaft  webs  and,  one  crankpin 

.  *  '  ^         \  .  '  ,  ^ 

D.-^   Crankshaft  web-Forn^s  the  crahk  or  throw  between  the  crankpin  and  main 
journal  '         -  ^  '  ' 

;    E.     Orankpin-Outer  end  of  crank  throw'  . 

'(NOTE:  The  crankpin  is  also  talled*a  Connecting  rod  journal.)  — \^ 

s    '    ^-     Vibration  damper -Reduces  torsional  stress  on  th^  crankshaft  caused  by 
.         '  *         power  strokes  and  the  loads  on  the  engine       /  \     \  ^ 


G;*  >Statically  balancejd-Bal^nced  wftile  at  rest 


Dynamicafly  balanced  -Balanced  against  the  rotary  outward  force  at  high  ^ 
speed   /  .  .  •  .    "  * 


•  ,   I.     Bushing-Full  round  sleeve  normally  used  to  support  light  loads    '  ' 

J.     Bearing-Half  round  sle'feve  Viormaily  used  to  support  heavy  loads 

K.    Bearing  clearance  -Measured  difference  between  the  inside  diameter  of  the 
bearing  and  the  outside  diameter  of  the  journal      .  ^ 

■        >.    Short  .block -Engine  bjbck  without  cylinder  head  and  external  accessories" 

^11./  Types  of' crankshaft  construction 

A.    Integral-For  small  and  medium  size  engines 


B.  .   Sectional-For  medium  and  larie  engines 

C.  Semi-built-up-For  large-  enQinesl 


*  D.    Built-up--For  large  engines 


INFORMATION  .SHEET 


IH.  •Parts  of  a  crankshaft  (Transparency  .1) 
I  A?  ^  Main  bearing  .journals 

B.  Connecting  rod  bearing  journals  *  * 

C.  Connecting  'rod  counterweights  .     -  '  ' 

D.  Flywheel 'hub  or  flange     /  (  ^  ' 

E.  ^  CrapkshSft  gear  ^  .    •        *  ^ 

F.  Crankshaft  throw      .        5^'  ~         •  v 
IV.    Effects  of  the  arrSngement  of  crankshaft  throws  "'(Transparency  ^) 

A.  4'  Balance  the  eh'gine  ^ 

B.  '  Smooth,  vibrations*  of  turning  shaft 

C.  '  Equali»loads  on  the  mam*  bearings 

•  D.  •  DeterminBv  the  firing  ord.er  of  e^ngipe  '       •  '    :      -  . 
\A    Arrangement  of  Van^iiihaft  throws  (Transparency  2)" 

\         ^  •    '        t        -        ^«      'v  *    '  ♦   .  , 

A-  ^  Two  and*four'  cylinder,  \hrow5  180""  apart  *  ^ 

*B.     Three  and  six  cylinder,  throws  120  ap.art 
.  C.     Eight  cyirnder,  thrcTws  ^0*"* apart  \  ' 

Mk.  'Maintaining  crankshaft  balance '^^Transparency  3)     *  ,  - 

>    ■       '  '    ' '        . ; '  .  ^  ' 

A.  Counterweights  '  \' 

^'     6.     ^7ibra]^ion  dartiper  ' 

/'C.  *  Flywheel  -      .      ^        \  " 

VI L    LubricatiorT  ^of  granksHa^ft  apd.  surrounding. ^parts  (Transparency  4) 

'  7\/ *  Oil  pressure  through"  holes  in  jougialy;'  ,  ^ 

B.  Oir^sjDrayl'from  excess  .  .  - 


'    ^   #  INFORMATION  SHEET  .  '  ' 

VIM':    How  bushings '^d  bearings  .ace  used  (Transparency  5) 

A.  Bushings- A  fully,  round  sleeve  used  to  suf^port  light  loads  and  slow  speeds 

B.  .  Bearings-A  half  round  sleeve  used  to  support  hgavy  loads  ajsd  high  speeds 
MX.  ^  [Materials  used  \Pi  bearing  linings 

'  A.    Tin  or  lead  base  .babbit  '  . 

B.  Copper  or  aluminum  alloys  v-          -  ' 

C.  Multilayers 'of  copper  or  aluminum  alloys  and  silver  cbmbinatiohs 
XV  ^types  of  bearing  locks  (Transparency -6)  »    .  v    ,  ( 

^       .  •       .  ■         ■        c  '         ■    .  ■ 

A.  Lip  slot        '  "       ' .      ,  ,       ■  ^ 

'  ■  7  ,  < 

B.  '  Dowel 

XI.    Bearing  crush-Hfeight  of  bearing  insert  above?  bearing' cap  tD 'allow  for  a  fuNy 
seat^'d '  bearing  whetnitightened  (Transparency*  7)  ,  .    .     .  • 

K ' 

XI L    Purj^^ose  of  bearing  oil  grooves-Bearing  oil  grooves  carry  the  oil  through  to  the 
'   connecting  rod  (Transp§c^ncy  8)  I         '    '  ^  - 

XML  '  Ty^e^  of  thrust  bearings  (Transparency  9)     ,  *  ' 

^  -  A/'  Separate  thrus.t  washers 

•     -  '    ■  '  ,  • .  \  '  ■ 

-  B.    Thrust  flanges  on  bearings  *  *  * 

XIV.  ,  Engine  indications  of  bearing  failure  ^  ^ 
-    A.    Drop  in  lubricating  oil  pressure^  .       *  ' 

^.    B-.    Excessive  oif  consumption  .  '  *• 

^    Engine  nbise-Rythmic  knock     '  *  .     '  '  *    '  ^  r '     •  •  V 

XV.  iVIajor  causes  of  bearing  failure  (Transparency  10)  ,     -       \  * 
.  A.    Dirt--43  percent                       \  ^         *    .    ^  .  ;^ 

B%    Lack  of  jubrication'-16  percent  ^  ^  . 

«  f 

:         Improper  ^ssembly-H  percent  r  '  ' 


INFORMATION  SHEET  ^ 

D.  '    Misalignment"10  percent 

E.  Overloading--9  ^^ercent  *  . 

F.  Other-8  percent 

Functions  of  flywfreel   *  ^         .  „ 

A.  '  'Stores  energy  for  momentum  between  power  strokes 

B.  Smooths  out  speed  of  cranksTiaft. 

C.  Transmits  power  (o  driven  machine 

D.  Provides  a  drivg'^for  starter  via  ring  gear 
H.  Serves  as  a  facing  fo^  engine  clutch 


V 


Parts  of  the  Crankshaft 


;Main  Bearing  Journals 


Flyifvheel  Hub 
or  Flange 


Cranksbaft 
Gear^ 


Throw  or 
Crank 


Connecting  Rod  Beariiig  Journal 


Web 


iERlC- 


J 
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1-4 


^  * 

,4-Cylinder  Engine 


P-Cylinder  Engine 


8-Cylinder  In-Line  Engine 


3-7 


4-8 


8:r;Gylinde|:  V-Type  Engine 


Counteiweighte,  Vibration  Damper  and  Flywheel 


/ 


Vibration 
Damper 


Cpftnedting  Rod 
Counterbalances 


1^ 


Crankshaft 
Gear 


Oil  Holes 


Flywheel 

'        *  ,1  • 

.  '  A  Six-Cylinder/Seveh-Main^  Bearing  Crankshaft. 


D  »  151yC 


f  ' 


Crankshaft  Lubrication 


Oil  Spray 

■•  •  K  ■ 


'"'^diii.n  ^itt^  ^ 
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Driiled  Oil  Passage 
in  Crankshaft 


4* 


TM  4  i  ^ 


:  ERIC 


JJIjrust; 
Washers 


Separate  Thrust  Washers 


Case 


vr 


Thrust  Flanges  on  Bearing 


J' 
/■ 

/ 


^  Bearing  Fatigue  Caused  By  ^  ,    Wear  On  Oii^*Edge  of  Bearing  ' 
Pverlqadihg  gnd  Heat    '  ,  \    Caused    Tapered  J^^^^^^ 
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CRANKSHAFTS  AND  BEAT^INGi 
*         UNH  V 


J 


JOB  SHEET  #1-DISASSEMBLE.  INSPECT,  AND 
REPLACE  CRANKSHAFT  ASSEMBLY  AND  EfMGINE  BEARINGS 

I.;   Tools  and  Materials    ,      -  ^ 
* 

I 

A.  Basic  hand  tooLsef 

B.  V-Blocks  '  , 
Engine  sho7t  block '    .      "  ( 
Outside  micrometers 
Inside  micrometers 


Out-o^-roundnes9>  indicators 


Shoulder  ^rbor 


H.  Cam  bearing  assembly  tool 

I.  '  Steam  supply.  . 
^      J.  Compressed  air  supply* 

K.  Solvent 

L  Eye  protection 

/    M.  Shop  towels 

N.  Appropriate  service  manual 
II.  I  Procedure  r 

k  ,  *  -  •  r  ' 

A.    Disassemble  crankshaft  ^ssemWy        -  - \ 

-  ^    ^-  '   .  , '        .   ,  ■ 

(NOTE:  Be  sur^  connectipfg  r^d  blades  and  caps  are  marked  as  to  position 
engine  (#X.  ^#2,  :an^^^so  on)  and  on  which  side  all  of  the  markings^are^. 
rif  there  a  re /no  markings,  mark  accordingly  with  a  numeral  stamp.  .  \ 

*  «  .  '  \ 

^    1^       Remove  rod  caps  •  '  .  •  ^ 
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JOB  SHEET  #1 


2.   ^   Remove' the  bearings  from  th^cafJ  and  blade  and  m"^rl<;  th^ir- 
ppsiti6n>in'the  lining,  1U,  Ik  in  the  case  of  n^jmber  1  connectitfig 
•'■   .  'rod  uppdr  .and  lovver  bearing  (Figure '1) 


.FJGURE  1 


3.     .  Repeat  step  dumber  two  for  main  b^armgs  caps- and  bearings 


V 


4.       Wash  alf  bearing  and  set  out  on  bench  in  proper  ^ordqr*  for 
-subsequent  analysts  ^ 


5^       Rennove  camshaft 

6.  Remove  crankshaft  and  place  on.  V-blocks-^ 

7.  Thol-bughly  clean  \aylinderT)l0ck,  crankshaft,  and  camshaft 

•  ^      ,  .        /     •  ^  • 

8.  Rinse  in  clean  solvent  . 

9.  Clean  oil  passageways  and  holes  with  brush  and  water  pressure 
or  brush  and  compressed  air  (Figure  2)   ^  .  .  , 


JOB  SHEET  #1  ' 


•  B.  ■  Inspect  crankshaft 


(NOTE:  Use  the  .chart  given  to  record  the  following  readings.  See  Figyre 
3.-)  V  .  .       .   '      A  "  t     \  ■ 


FIGURE  3 


MAIN  s 
BEARING 
^\ 

MAIN 
BEAMING 
^2 

MAIN 
BEARING 

(s  MAIN 
^  BEARING 

MAIN 
*  BEARING* 

MAIN 
HEARING 

MAIN  ' 
BEARING 

%        #7  , 



HORIZONTAL 

t 

— t- — 

\ 

VERTICAL  • 

CONNECTiNG 
•  ROD 
6EARmG  ax 

CONNECTING 

ROD 
BEARING  i?2 

CONNECTING 

*  ROD 
BEARING  3 

- 

CONNECTING. 

ROD  ' 
BEARING  ;;4 

f  CONNECTING 
-  ROD 
BEARING 

'CONNECTING 

ROD  ^ 
BEARING  :^6, 

^HORIZONTAL 

!  . 

^   1  ' 

1 

1 

I 

VERTICAL        1'  1 

-                      1  i 

0 

I  -     •  — ( 

1 

•  i 

1.    '  Take  readings  all  around  one  journal  td  fihd  the  smallest  diameter 
flfas'a  starting  point,  (Figure  4)  ^   -    •  ^ 


•FIGURE  4  V 


3. 
4, 


'Take  three  readings  in  line  on"  the  journal..' 


V4» 


(NOTE:  Take  one,  reading  m  the  smallest  ^nd,  6ne  in^the  center, 
and  one  at  the  other  end  of  the  journaL)    >^  ^  _ 


Record  readings  on  chart  to  show  amount  of  tapqr^. 
Rotate^  journal  90  or  one  quarter  .of  a  tufn. 


Si' 
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5!^>  '  Ta^e  t^ree  readin'gs  in  line    /  "         *  ^ 

(l\lCXT&:.Take  the  first^at  one  end,^e  ^^ond  in  the  rru^ti\e, 
an.d  the  third* at  the  oih#  #nd,^anc(  record  them.  the  first  three 
^  readings  were  hori?pnt^l,  the  second  three'wcxjid  vertical  or 
vice  versarThe  second  ^t^ree  readings?  show  the  amount  of  taper 
it),  that  line  of  the  journal.)  \  ^  -  •  ?i  ' 

6.      Compare  the  first  horizdntal  reading  with  th^  first  vertical' reading, 
•^the  second,  horizontal  Teadlpg  with  the. second  vertical  reading/ 
and  the  third.  horizohta'Urpcfdipg  witK  thg  .third  vertical  reading 

,   V'  \  \     "   •  ' '  •    ^  ^ 

.      (NOTE'  This  will  sKqw  the*  amount  of 'X)ut-of-round  of  the 
JournalJ  '  '  '  *  . 

7.;  '  th'e  above  process  for  all  the  niairi  and  (?onneqting-rod 

journals^ (Figure  5)"  *  .  . 

FfGURE  5. 


(NOTE:  If  ^gny -joi^nal  or  crahkpih^is  below  5peclfications  #or 
taper  or  out-of-round,  crankshaft  ajiQUld  b6  regiV)und  to  a  smooth', 
accuraje  undersizel  *    .    •  ^    '  ,  \. 


i  .  •  ID-  169-C  - 


^  .  (NOTE:  Compare  one  intake  against  the  other  intaker^and  exhaust  - 
agaiost  the  "other  exfjaust  until  completecL  If  wear  exceeds  ^  ^  - 
limitations  camshaft  .should  be  reground  or  replaced.) 


Measure  the  cam^aft  journals  in  sever-al  places  around  the' 
periphery  starting  from  the  timing 'gear  end.  (Figure  7) 


JOB  SHEET  #1 


4.       Record  th.e  maximum  and  the  minimum*measurements  obtained 
^      for  each  journal  (Figure  8) 

".(NOTE:  If  any  jqurpal  is  .001"  below  the  established  low  limit 
specifications,  it  should  be  reground  to  a  stancfard  undersize.) 


FIGURE  8  ^ 


D.    Inspects  connecting  rods  ^ 

•»  ' 

1.       Assenoble  the'number  one  cap  onto  the  number  one  connecting 
rod  '  .  . 

^2.,      Tighten  the  rod  nuts  lightly,  tapping  the  cap,  with  a  plastic  mallet 
to  seat  it  properly  .  ' 

,      3.       Tighten  the  nuts  to  tlie  corrq^ct^jy^rque  specificatk^ns'a  repeat 
this  operation  wTth  the  rest  of  the  rods  (Figure  9) 


FIGURE  9 


JOB  SHEET  #1  ..  •• 

4.       Check  each  connecting  rod  bore-  with  an  out-of-rouodness. 
indicator  ^    '  .  ^  .  * 

(ll^OTE:  If  the  ou^of-roundness  of  any  (od    found  to  be  greater 
.  than  that  rod  must  be  replaced.  See' Figure  1(J.) 


Examine  the  backs  qf  the  old  rod  bearing?  for  signs  that  indjcate 
that  some  of: the  rod  bores  are  oversized  (Figure  11) 


FIGURE  11 


(NOJE:  A  rod  bearing 'that  had'  faifed'for  no  apparent  reason 
^        or  the  backs^  of  the  bearings  thatshow^)ocessive  moverherit  would 
make^thajt  connecting  .^od  open  to  suspicion.)  ' 

6.  Replace  any  rod  that  has  been  determined  unfit  for -further  i^sp  - 
Assemble  engine 

^.*,1.       Check  all  new  {pearings  against,  the^Tod  for  correct  alignment  of 
locking  Itps,  oil  grooves,  oil  holes  '   *  ^' 

-     '        -     •  ^ 
^   (NOTE:*  Make  sure  all  parts  are  cleaned  and  crankshaft  and  ' 
camshaft* journals  tagged  for  arhount  of  underSize  if-regroOr^) 
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,  Using  a  shoulder  arbor  oi  the.  proper  size  and  a  suitable  cam, 
bearing  assemblytool,  liniJ  up  the  oil  holes  and  press  each'cam' 
bearing  into  place. (Figure  12)        '    •  .      ,    '  ■ 


FIGURE  12. 


0 


((sfOTE:  After  the-bearings  have  been  ipstalled,  oheck'to  make' 
sure  th*e  oil  hoKor  holes  in  tffe  bearings  are  aligned  exactly  witfi 
those  in  the  cr^nkease.)  *  *  \ 

3?  ,    Wipe  off  each  Qam -bearing*  bdre  with  a  clean  cloth 

4.  \     Spread  clean  oil  on  Jhe  ynner  surface     ^  • 

5.  Carefully  insert  the  camsh'aVt^     •       ^   \    .  .  /'  ' 


(NOTE:  If  the  crankshaft  h^s  been  reg.rqund,  cleart  it»again  very 
thoroughly  with  a*  brush  and  pjenty  '^^qf  solvent.)  ' 


'  6. 


Clean  out  all  of  the  oil-ways,yyith  "a  wire-handledirifte  brush 
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JOB  SHEET  #r 


8. 


9. 


BJpw  them  out'  with  clean,  demoisturized  air  or  flush  them  with 
clean  solvent  (Figure  13)    y^e^-       ,  — — .  \ 


.FIGURE  13 


J' 


(NOTBc^This  is  very  important  because  metal  chips  or  particles 
in  the  oil-ways  can  tlan^age  the  bearings^) 

Place  the  upper  main  bearing  halves  in  the  crankcase  saddles  and 
snap  .  them  into  their  seats  ,  .        '        •  -  r 

(NOTE:  Make  sure  that  each  locking  lip  nes^  into  the  recess 
provided.)      ^    *  ^  "   ■  '  - 

Apply  a^feyv  drops  of  cteari  oil  to  the  bearings  and  spread  it  over 
the  surfaces'with  a' clean  finger  (Figure  14)/  -  i. 


FIGURE  14 


IMC 
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JOB  SHEET  4\ 


10. 
11. 


12. 
13. 


Wipe  off  the  cranks,haft-  journals  with  a  clean"  cloth 

*  ft  » 

Cajefully  position  thie  shaft\onj^  the  bearings 

(NOTE:  Be  sure  to  hold  the  shaft  pJirallel  to  the  case  bores  and 
gently  lower  it  into  position.  This'riust  be  done  with  extreme 
care  because  the  thrust  bearing  thrust  surfaces  can  be  easily 
dafnaged.) 

Wipe  off  each  main  btaring  cap  bore 

Position  .the  bearings  in  thfe  bores,- and^snap  them  into  their  seats 


(NOTE:  Check  to  see  that  each  locking  Hp  nests  properly  in  its 
^recess.  Apply  a  few  drops  of  oil  on  each  bearing  and  spread  it 
over  the  surface.  See  Figure  15.) 


FIGUFtE  15 


'14. 


.  15. 


16. 


Install  the  main  beaVjn^  caps 

•*  (NOTE:  Checl<  thfe  cap  markings  for  position  Jn  the  ^engine  and 
for  position  in  relation"^  to  the  front  of  the  enginei) 

Install  and  tighten  the  pap  .screvvs  or  stud  nuts  finger  tight 

(NOT^:  Tafi'each  cap  with'  a  plastic  or  leather  maltet  to  help 
it  find  ftS'  natural  position.)  ^ 

Using  a  pry  bar,  force  the  crankshaft  forward  yntil  the  rear  faces 
of  the^  thrust^' flinges  '^re  properly  ^ignec^ 
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17. 


JOB  .SH^ET  #1 


When  the  thrust  flanges*  are  .^ii^d,  tighten  all  of  tbe  nuts' 
alternately  fo  be  fairly  snuc 


18..  Final  tightejj^ch  huyto  the  propei*torque  limit  specification 
,    '  (Figute- 


FIGDRE  16 


r 


19.       After  the  nuts  have  alj  been  torqued  using  a. suitable  tool,  rotate 
the  crankshaft  by  hand  * 


(NOTE:  If  the  job  has  been  qjpriMjroperly^up  to  now.  the  shaft 
should  tur-D,  reasonably  free.  See  Figure  17.) 


FIGURE  17 


20.       Check  crankcase  oil  ^clearance*. 'according  to  manufacturer's 
Specifications  .  *    .  .  • 


B  SHEET  #1 


21.       Install  pbttec  pins  or  lock  liuts 


r^FlGURE  18 


(NOTE:  If^  the  ."connecting  rods  are  to  be  reused,  press  out  the 
.  piston  pin  , bushings  and  install  new  ones  of  the  proper ^ize'to 
"permit  piston  pia  fijting.  See  Figure  .18.) 


22,  Size  each  bushing,  gs,  necessary,  to  fit  the  piston  pins 

23.  Clean  each  rod  ayain,  particularly  the  oil-way 

24.  *.    Assemble  the  pistons,  piston  pins,  lock  rings,  and  piston  rings 

25,  Wipe  off  the  ci^nr^cting  rod  cap  bores  and  the  backs  of  the  lower 
bearing  insera  with  a  clean  shop  towel 


26. 
FIGURtM 


Install  a  bearing  info  each  cap,  making  sure  the  locking  lips  nest 
properly  into  their  recesses  (Figure  19) 


(CAUTION:  Keep,  dry  hands  off  bearings.) 
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.       i  -/JOB 

'  -  -  K" 

27,       \)Vipe  Q||t  the 


Wipe  the  connecting  rod  blade  bores  and  the  back  of  tfre 
upper^jh|tf  bear;fng^ii^erts  *  * 

28.  InstafI  the  bearings  in  the  blade  .bores  bn  the  rid  and  pjston 
assemblies      '  ^  .  ^     .        ^     "  Hi^tun 

29.  Spread  engine  oil  on  the  bearing  surfaces  (Figure  20) 
'  FIGURE  20 


30.  Install  the  number  one  piston  rod  assembly  into  the  number  one 
cylinder  ,  ^    _  .  - 

(Note:   Make  sure  thq  rod  reference  is  in  correct  relation  to  the 
;j|ront  of  the  engine.)  -  '  , 

31.  With  the  beanpg  in  place,  seat* the  rod'-on  its  crankpin  (Figure 
21.)  —  '  -     -  ' 

FIGURE  21.. 


(CAUTION:  Mak^  sorenhe  rod  studs  do  not  touch  and  damage 
the  crapkpin  when  the,  rod  is  being  Installed.) 


■  r 
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32. 
33. 


Spread  Smii  pn 


Install, 
-tight;; 

FIGURE 


^the  ponne6ting  rod  cap  Waring  surface 

nuniberr^  rod  cap  and  turn  the  nuts  down  "fmger 
;gure.22)  -         .  ' 


(NOTEf  'Make  sure  that  the  rod. cap  and  bl^ade  markings  are  on 
the.  same  side.)      *    ^  •    *  '  *v 

34.  Install  the  othfer  rod  c'aps  in  the  same  manngr 

35.  Tap  each  cap 'with  a  plastic  mallet  to  help  seat  it  in  its  proper 
positioii 

36.  .     Tighten  all  rod  nuts  to  the  recommended  torque  specifications 
(Figure  23) 


37.-  ^    Install  locknuts>jf  required 
•  *\  ' 

•  38.       Install  oil  pump  anci  other  parts    ^  -       .  ' 

39.    /  Attach  the  engine  prVlufcfricalo'r  to  check  the  bearmg  job  and 
to  prevent  "dry  starts" 
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CRANKSHAFTS  AND  BEARINGS  * 

,  UNIT.V  -  ■ 


) 


NAM^ 


TEST 


el  ri 


Match  the  terms  on  thev  right  to  the  correct  definitions. 


Tt 


_a.  Made  f?;om  a  single  billet  ofi:steel 

T^iat  part  of  a  -shaft  or  axle  In  cbntapt 
,         the  bearing  * 
*  '\ 

^c.  TwoVankshaft  webs, and  dne  crankpln- 


1;  ' 


Dynamicaify 
balanced  > 


Forms  th^  crank  or  thrpw  between  the 
crankpirf  and  main  journal 

e.  Outer  end  of  crank  thr)>w 


J.  Reduces  torsional  stressX  on  ,  the 
crankshaft  caused  by  power  sjh^kes  an^d 
the  lopds  oh  the  engine 

J.  Balanced  while  at  rest  • 


Vibration 
damper'  ^ 


^h.  Balaaced  against  the  rotary  outward 
,  force  at  high|  speed      \  ^ 

J)   Fulf  srqund  sleeve  iiormally.  used .  to 
tupport  li^t  loads 


J.  _  Hjlf  *  round  sleeve  norm^iy,  vised  to 


stipport  hfegvY^loads 

^k.  Mpasured  'dj^^f^^^^  the  Inside 
diameter  df  the  bearing  and  the  outside 
diameter  of  the  journal  ^   *  » 

J.  Enghe  b|ock  without  cylinder  head  and 
extemar  accessories 


Name  four  types  of  .crankshaft  construction. 


9. 


10. 


12. 


Statically 
balanced 

Bearing  , 

Crankshaft 
throw  V 

Crankshaft 
'web 

Journal  ^ 

Integral 
^cranks 

Bearing 
clearance 


1- 


180-C 


3.      Name  six' parts  of  a  crankshaft. 


t 

4. 


6. 


a. 
b. 

d.  ; 

e.  • 

! 


I 


Li3t<three  effects  of  the  arrangement  of  cnankshaft  throyvs. 

a.  '  ,    >.       .  ^ 

.    .    /  ^ 

*b.         »  - 

C/ 


Match  the^  arrangement  of  crankshaft  tiirpws  on  the  right 'to  the  number  -of 
cylinders  In  the  engine.  • 


 ^a.  Two  and  four  fyMntler  * 


1.      Throws  90"*  apart 


_b.  Three  and  six*cyfinder- 


.  cJ  Elghf  cylindeij/ 


.  2:  >  Tlyrows  180*  apart 
;  3.  '  ThVows  120'  apart 


Nafme  three  wa^^r*crankshaft  balance  is-  maintained, 
a.      *         •       ^  ^'  ' 


b. 


E/plaIn  the  lubrication  of  the  cranl&hafft  and  surrounding  parts. 


Distinguish  l^etween  a  bushing,  and  a  beari,ng  by  placing  an  "X"  ne*tto<>the 
Ascription  :of:  a  bushmg.       \     ^  '         .      "   <  • 


'  a.  A^half  roUhd^^^^^  used  Jto  support  heavyjoads  and  'hi^  speeds 
I:  ^b.  A  fully  round  sleeve  used  to  support  light  loads  and  slow  speeds 
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■J ' 


9..  .    Name  three  matenals  used  in  fnakirtg  bearing  linings,  . 


7  ""ll. 


'a. 
c. 


''10.      Name  two  Wpes  of  bearing  locks. 


,  .Explain  what  is  meant  b^  bearing  crush. 


12.     ^tate  th*e  purpose  of  oil  grooves  in  the  bearing,  . 


^  13.       Name,  tvyo  types  of  thrust  barings. 

a.  .         ^  / 


b. 


 'jf^ 

.14.       List  three  engine  indications' of  bearing  failure. 


15. 


b-  •  -  / 
c. 


B^oTb 


Match  the  percentage?  of  bearing  failures  on  the  right  to  the  causes*bf  bearing 
failure.    V  '  '  ^  *   »  ,  «  \         .  - 


a.  bict"^ 


.b.  .Lack  of  lubrication 


"b.  Improper 'assembly 
Misalignment 


 ^e.  ^OverioadihJ^ 


1..     9  per6ent 

2..     ,14  percent 

J  ' 
16  percent 

s 

10  pertent 
43  percent . 


3. 
5> 


4-- 


5f4 


182-C 


16.' 


1^' 


/ 


L 


List  four  functions  of  the  flywheel. 


.  .1 


d. 


^17.  Demonstrate  the  ability  to  disassemble,  inspect,  and  i^place  crankshaft  assembly 
*    '      and  ^ngine  bearings.  '  -  V    *  ^  *  ' 

'  (NOTE:  If  this'has^not  been  accorf^plished  prior  to  the  tSst,  €tsk  yoyr  instructor 
when  it  should  be  c6mpleted.)  ^ 


<;  . 


7' 

/ 

7 
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CRANKSHAFTS  AND  BEARINGS 
'  UNIT  V 


ANSWERS  TO  TEST-' 


a. 

11 

10' 

c:  y 

'  8 

9 

e. 

3 

■  -f. 

5  " 

y 

.  g.  ' 

6  • 

h; 
i. 

1 

4 .  < 

* 

■  -  J- 

I 

k.- 

12  - 

1. 

2 

a^^  Integral 

b.  Sectional 

c.  Semi-built-up 

d.  Built-up 

a.  „  Main  bearing  journals 

b.  Connecting  rod  bearing  journals, 

c.  Connecting  rod  counterweights 

d.  Fly\£i/heel  hub  or  fl^e 

e.  tlrankshaft  gear 

f.  Crankshaft  throw 
Any  three  of  tfffe  following:  ;  ^ 

a.  Balance  the  Engine 

b.  Smooth  vibrations  of  tumtng  shaft 

c.  Eqftialize  loa^is  on  ihe  main  bearings 

d.  NDe^ermine  "the^  "firing  ordej  of  engine 

a.  2.         '  .  • 

b.  ■  3        '      .  I 

c.  1  '  . 


/,  4& 
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8. 
9. 


10. 


12. 
13. 

14. 


a.  Counterweights 

*  <        .    '  ^  ■  *  *'^^ 

b.  Vibration  damper  /  .         '  " 

'c.  Flywheel 

Explanation*  should  include: 

a.    Oil  pressure  through  holes  in  Youmals 


b.'    Oil  spray  from  excess 


b 
*a. 
b. 


Tin  or  lead  base  babbit 
Copper  or  aluminum  alloys 

Multilayers  of  copper  or  aluminum  alloys  and  silver  combinations 
Lip  slot     .  ,  •  ^  " 


I  b.  DoweJ 


XI.  ^   Explanation  should  include-Height  of  bearing  insert  above  bearing  cap  to  allow 


for  a"  fully  seated  bearinQ 


whena  tightened 


Bearing  di I l5r6io^e?i' carry  the  oil  cjh rough  to  the -c^^neta^  rod 


15. 


a.  ^  Se|^rate*"i^^  washers 

''b.  i  Thrust  flanges  on  jbe^rings'.. 

a.  Drop  in  lubricating  -oil  pressure 

■  -  i    , ' 

•  b.  Excessive  ^oil  consumption* 

""c.  Engine  njoise-flythmic'  knock 

a.  -  5 

\ 

b.  3  *      ^  . 

c.  2  , 

d.  4  ^  ^ 

e. 


A. 


.  \ 


1  < 
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D  .  185  C 


16.  ^  _Any^  four  of  the  following: 

a.  *  Stores  fenergy  for  momentum  between  power  strokes 
 'b^  ^T.^^^*^^       ^P*^®^  crankshaft^ 


c.  Tf^nspiits  powervto  dlven  machine  ' 
^^d.  ^  Provides  a  dHye  fpr  starter^  via  ring  gear 


17. 


e.    Serves  as  a  facing^  for  engine  clutch 

Performance  skills  eval^aated  to  the  satisfaction  of  thelnstructor 


/ 


.-■■"#1 
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LUBRICATION 9V^TEm¥  * 

■  ^ .  •  /     UNIT  OBJECTIVE    '  -  '  ** 

Aftt-rcoTTielption  of  thKs  unit,  the  student  shdiild  be  able  to/,identify  the  components 
.  Of  the  lubrication  system  aiid  match  the  components  to  their  p^irporesfthe  student  should 
be  able  to  li$t  the  types  of  lubricalron.  systej^s  and  discuss  the  wlW  ahd.oif-circulatiorr 
in  an  oil  cooler.  This  knowledge  Will  be  evidenced  through  demonstration  and  by-scorirtg 
eighty-five  percent  on  the"  unit  test.    '  •  .  ^  - 

a  -  •  .  ♦  ^  • 

•  •      .       SPECIFIC  OBJECTIVES  "  J 

e.  After^mpletion  of  this,  unit,  the  student,  should  be  abia  to:  .  •  *  - 

1.       Match  terms*  associated  with  the  lubrication  system  to  the  correct 
■  *  '      definitions.       , '  *         -    *        -      •  - 

2:  List  five  functions  of  the  lubrication  system. 

•  '     3.  Li§t  tKree  types  of  lubrication  systems.  ^ 

4.  Identify  the  componeru? -of  the  lubriqation" system.*  ^ 

.    5.  Mat^^^x^ponents  of  the  lubpkiationSystem  to  their  purposes, 

6.  ,  Identify  ;two  wpes  of  oil  filters.    *    "\      .   -  '  * 

7.  :;  Name  typ?[$;^lon  pumps.  "  ^  "^-^  ' 

8.  *  Lis;;^soyr^|@ponlR  > ; .       ^  " 
-,9.      ' List  the  pifliro^^     lubricating  valves.'^        ,         /    ;  ^ 

10.       Discuss  the  water  and  oH  circulation  jh  an, 'oil  cooler.  '    '         *  ' 
-11.     *^iscu9S  two  types  of.  o((  pressure  in^licating  systems.  ' 
.  12.      Demonstrate  the  abiHtv^.to  check' arid  adjust  bjl  pressure  on-  engine/ 
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LUBRICyamOM  SYSTEMS 

* 

.  '  SUGGESTED  A*^iTVtTIES 


t  • 


•I.    Instructor:  "  ■  » 

^    A.    Provide  student  with  objective  sheet    '  " 

B:  ,  Provide  student  with  informatrdn  and  job  sheet; 

C.  c  Make  transparencies.        -   '  '  ^ 

D.  Discuss  unit  artd  specific  objectives". 

E.  Discuss  ipfor^mation  sheet.  W 
.^^    F.    Demonstra^||nd  disquss  the  proced,ures' outlined  in  ths-job  ^heet. 

G;    Invite  compar^y  representative  to  discuss  lubricating  oil ;. 
'   H.    tSive  test.  ^      -  I  - 

II.    SfGdent:  .^pp^- 

^'.A;  *Rj5ad  objective  sheet?'  * 

,  B.  Study  ^formation  sheet.  '  "  -  ' 

C'  Complete  job  sheet."  *  ,  '  -  ^  •  , 

D.  T^ake'' test'  ^        j,,^  '  ,  \vr^ 

,   INSTRUCTIONAL  MATERIAIS 

I.    Intluded  in  this  unit:  ' 
,    A.    Objective  sheet.        :  /  y--  , 

B.;   Information* sheet        ,  ■  - 
C. 


Transparency  masters 


1.  ^    TM  1-^|junctions  of  the  Lubrication' System 

2,  .  TM  2--Types  of"  Lubrication-  Sysfems    '  ^ 
3-      XM:  3~Components  of  the  lubrication  System' 


.  4.      .TM  4--Types  of  Oil  Filters  '  '      .      ^  v  . . 

^      5;       TM  5-Types  of  Oil  Pumps  -  ^    '  • 

6.       TM  6-Types  of  Oil  Rumps  jContinued) 

7'       TM  7-Types  of  Oil  Pumps  (Continued)  ^ 
8.    .  TM  8- Lubricating  V2lve§  .  '  \ 

.9.      TM  9-OiHCoolefs  ^      •  - 

^..^^^     ^0-       Tl^  iP"Mechahieal  Oil  Pressu replicating- System 

11.'-'*  TM  T1--Electrlcal  Oil  Pressure*  Indicating  System 
%  . 

D.    Job  Sheet  #1-Check  and  Adjust  Oil  Pressure  , oh  a  Live  Engine. 

Test 

f .  .  Answers  to  test 
II.  References: 

A.-  Kates,.  Edgar  J.  and  Luck,  William,  E.  D/e^e/  and  High  Compression  Gas 
Engines:  Chicago:  Ameriban  Technical  Society,  1974.  l.* 

'B.  ^Fundamentals' of  Service:  Engines.  Moline,  Illinois:  Deere  and  Company, 
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.  LUBRICATION  SYSTEMS  .  '.  ' 

*  -  UNIT  I  ■• 

-    INFORMATION  SHEET 

\ 

I.    Terms  and  definitions    *  * 

A.  Friction-Resistance'  to  movement  between  any  tWo  objects  placed  in  contact 
with  each  other 

B.  Viscosity-Measure  of  an  oirs  ability  to^flow  ^'-^^  v 

C.  API-American  PetrpleuTn  Institute  .         I  . 

D.  SAE"Society  of  Automqtive  Engineers     *  '.f*A 

ine 


E.     Gallery-Pipe  or  passageway  in  the  engine  used  to  carry  engine  oirf|i%if. 
one  area  to  another  » 


IL    Functions  of  the  lubrication  system  (Transparency  1) 

A.  Reduces  friction  between  mbving  parts    ,  ^  \ 

B.  Absorbs  and  dissipates,  heat  ^ 

C.  ^Seals' the  piston  rings  and  cylinder  waljs 

D.  Cleans  and  flushes  moving  parts 

E.  Helps  deaden  the  noise  of  the  engin^ 
III.    Types  of  lubrication' systeuns  (Transparency  2) 

A.  Circulating  splash  , 

B.  Internal  farce  feed  and  splash 

^  C.  .  Full  internal  forcQ^^feed  '  '      .  ^ 

l" 

(NOT^:  The  .full  Jn'ternalnforce  feed  system,  in  addition  to  other  parts, 
supplies  oil  undef^; pressure  to  the  piston  pins.) 

^W.    Components  of  the  lubff^ation  system  (Transparency  3), 

A,    Oil  galleries    »      "!  *    -  * 


B.  Oil  filter      ...    ,^  ^ 

C.  Pressure  regulating  valve 


J' 


/ 
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INFORMATION  aWEET 

•  •> 

f 

D.  Oil  pump 

E.  'Oil  pan 

F.  Pressure  gaugfe^  .  .   •  ^ 

G.  Engine  bearings     ,  .  ■ 
Purposes  of  components  of  the; lubrication  systenj^ 

A.  Oil  galleries-Carry  engine-  oil  from 'one  •area  to  another 

B.  Oil  tilter-Strains -the  engma-oil  removing  abrSsive  particles  ♦ 

C.  Pressure  regulating  valve-Limits  the;  maximum  oih  pressure 

D.  Oil  punrip-Forces  oil  under  pressure  to  various  parts  of  the  engine*  for 
f    lubrication  .* 

E.  Oil  pan-Provides  a  reservoir  for  the  engii^  oil 

F.  Pressure  gauge-Indicates  oil-  pressure  during  engine  operation  "  • 

G.  Oil  coolerlf  ngine  coolant  flpws  through  this  and  helf^  dissipate ^the  heat 
in  the  engine  oil     '        ^  .  .  * 

Types  of  oil  "filters. (Transparency  4) 

A.  Surface^ter  •  wire  mesh  type 
(NOTE:  Oil  passes  straight  thVough  tiny  surface  holes.), 

B.  Depth  filter'-  cotton  waste  type         ^  '  , 

"    (NOTE:  Oil  moves  In  many '  diredtibhs  before  passing  through  filter  to 
^  lubrication  system.)  1 .  ^  •  . 

Types,^of  pi)  purp^s  (Transparencies  5,  6,  lar^rf  7)  .  ' 

A.  Gear      '  .       •  ■  ' 

,  .  •  •  , 

B.  Rotor' 


(NOTE:  All  types  are  opsitj/e  displacement  pumps.) 


INFORMATION  SHEET 
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VIII 


'  IX. 


Sources*  of  oil  contamination  •      ■  ' 

A.    Storing  and  handling 

8.  Dust  from  air  that  is  breathe'd  ihto  engine 
C   Jnqproper  engine  watm-up 

D.  'Antifreeze  leaking  into  oil  supply* 

E.  Oxidation  - 

F.  ■  Carbon  particles  ■     *  ' 
b.    Engine  wear              .  — 

H.\   Fuel  dilution 

Purposes  of  lubricating  valves  (Transparency  8) 
A.  ^  Regulate  oil  pressure       ^  *  v 

By[3ass  oil  at  filtets  and  oil  coofers  '  I 


1  '  ■ 

(NO\rE:  The  oil  pressure  regulating  valve  maintains  the  correct  pressure  in  ^ 
the  Ibibricating  system  regardless  of'engine  speed  or  ttie  temperature  of  the 
oil.)         .      ■        .  •  /  ,  .  ■ 

X.    Oil  cooler  circulation  (Transparency  9)  ,  *        .         "  . 

A.  /Internally  mounted-Engine  coolant  is  pumped  bV  water  pum'p  through  ofl  ' 

/  cooler^mounted  in  the-  crankcase  and  back  to  the  radiator  where  the  heat 
^   >  iSv  dissipated  *      '  ■     .  " 


Xf. 


B.     Externally  mounted-Both  water  arid  oil  are  pumped  thVough  the  cjiU cooler 

(NOTE:. Oil  cooleVs  are  also  known  as. heat  exchangers.)  * 
^P,il  pressure  indicating  systems'.,  - 


A.    Mechanical-Bourdon 'tube  , gauge  whibh  tends,  to  straighten  out  when 
pressuj;e  is  applied  (Transparency  101 

B:    'Electrical  (Transparency  11)  "        ^  \  \. 

-\     1-   ■    Sending  unit  is  at  pressure  source'       -  .  " 

2.       Indicating  gauge  is  on  control  panel'  '  - 

^        /  " 

(NOTE:  Electrical  indicating  systems  may  ie  three  types: -electrom^netic" 
«    toil,  heating  coil,  Or  pressure  ^switch  system, )5|  ^  1^ 
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Absorbs  HiM 


Reduces  Friction 
Wear- 


Seats  Piston  Jings 
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■55^^i<«liIK^^f|ilS  Parts 


■1 


Types  of  Lubrication  Systems 


.  Tappet  Lever  Shaft       Piston  Pin  Bearing' 


Xl-ajVishaft 
Bearings 


N) 


SERIC 


Crankshaft  Main 
Bearings' 


Camshaft  Bearings 


Oil  Collection  ' 
Trough 


Mafjn  Oil 
Gallery*  «  ~ 

-  ^Oil  'Supply  to 
Oil  Pump    Splash  Pan;  ^ 
and  Filters-  •  : 


Rod  Bearings  s 
Main  Bearings 


Splash  Pan 


Oil  Pump,  . 


Oii  Str&iner 


Rs 


Full  Internal  Folrce  Feed; 


Circulating  Splash:  System 


Pump  Body 


Pump  Gears  ' 


01 


id" 
RIC 


External  Bear  Pump 


530 


Internal  Seal 
Formed  Here 


Rotor  Ring 


Outlet  ' 


Inlet^ 


^  Jntemal  'Seal 
Formed  Here 


1  ■ 


Inner 
Rotdr 


Jlotor  Pump 


^4 


(Continued) 

.  Oil  Pump  Bracket 


Oil  Line  to  Oil  Cooler 

\  - . 


Oil  Pump 
Shims  X  i  Drive 

-  ^^upling 


D  •  21-D 


Types  of  OM  Pumps 

.    .      (Continued)     -  ' 


Skew  Gear 


Pump  Bqdy 


Rotor  and' Shgft  Assembly 


rr 


A. 


Oil  Pressure  Relief  Vafe/e  Plurtgdr 
Retainer 


-  r 


Vane  Type  Oil  Puihp 


V'TM  7 


i 


Oil  Out       Oil  In 


Coolant  put 

■k'      ■  ■ 


0 


Coolant;  Tubes 
Coolant  In  % 


Operation  of  Engine  OifCffoler 


Crankcase 
Oil  Cooler 


bitCoolerV 


;  'Bypass  r^,)^mr 
'.    Valve  rl3f^am_€etum 
Howsirig  Plugi* 


Pbcfcfng 


4.. 


A' 


Mechanical  pil  Pressure  Indicating  System 


Pointer 


Bourdon  Tube. 


Hair^  Spring 
'  Liiik 


■  ^ 


Sec^r 
andTinion 

# 

Stationary  Socket 


^Oil  Pressure 
Bourdon  Tube  Oil  Gauge 


0 
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n 
O 


Scale  (in  psi),' 


Complete  Gauge 


Electromagnetic  Coil  System  for  Indicating  Oil  Pressure 


Pressure  (psi) 


Ignition  • 
Switch 


Sending  Unit 


Battery 


fiesisty  Terminal/; 

Wiper,; 
LevQh 


X  Indicating  Gau^e 


.  Sprinig 


Indicatin-gGauge  ^ 

Bimetal 
Heating, CoTI 
i  metal 
nsti  rated.' 

o. 


IS-  30    bS  80\ 

0  a    o  □ . 

Pointer] 


Low  Pressure  • 


Contact 
iG rounded  • 
Contact;  '  jy 
Flexible  l\  ~ 

Diaphragm  ,gnitjon 

Switch 


Diaphragm 


Oil  Pr^ssure*+<,ere^  T  ' Sending  Um.t 
^indicayor  Light  Bulb.     '  '  . 


Ignition 

,SwitGh"- 


Contact    ,  ^ 
Arm     ,  Contacts 


==^-'  -bj^phragm 


Operation  with  Low  .0  if  Pressure 


/  .  'Oil  Pressure ..  .  .  -A 
Sending  Unit  (Pres^ore  Switch)  ' 


r  ERIC*  • 


^  Heating  Coil'System  for  Indicating  Oil  Pressure   '     Pressure  Switch  System  for  IndicatFng  Oil  Pressure  %f^^ 


'LUBRICATJON  SYSTEMS 
''-UNIT  I     .  ' 


•    JOB  SHEET  #1-CHECK  AND  ADJUST  OIL  PRESSURE 
.ON  A.  LIVE  ENGINE 


0  Tools  ancj  equipment  .       '  *• 

A.  Sotewdriver     ^       '  *  - 

B.  Master  pressure  gaUge 

C.  End  wrenoh 

D.  ,S^op  towel  .  ■  .      -  / 
.  E,  Shim 'stock  for  regulating  valve  ' 

F  Safety  glasses  v  ^ 

Pressure  -       *    ,  -  -  . 

A'.    Cheeky  condition  of  oil  filter,  replace  dirty 
'B.     Install  a  rnagter  gauge  (Figure  1) 
.FIGURE  1        .  '  ■ 


-4: 


To  Engine  Oil  Gallery 


Mas^r  pressure  G^Oge. 


r  ,0  ^ 

C,  Start-engine  and 'warm  up  at  fast  idle  speed 

D,  ^  Record  pressure  reading^:oh  the  gauge-     •    '  ' 

E,  ,  Compare  reading  with  the  engme  specifications 
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A  ^^^^  V  •  ,  t, 

"   •  _  ^        .   -  job'sheej  #1 


Adjust  pressure  regulatina  valve 

1v     ^Adjust  pressure  regulating  valve  with  shims  (Figuret  2) 


a:     R^ise  pressure  by  adding  shims  ^  ' 
'  #  *  *    *^  • 

^  '  b.     Lower  pressure  by  .renfioving  shims 


2.      'Adjust  pressure  regulating  valve  with  screw  (Figure  3), 
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LUBRICATION  SYSTEM, 
.   UNIT  I 


.  ■  NAME 


TEST 


Match  the  terms, on  tVie  right  to""the  ccJrrect  definitions. 


.  a. 

American  Petroleum  Institute 

r. . 

Viscosity 

b. 

Resistance  to  movement  between  anv? 

2. 

-  Gallery 

two  objects  placed  in^  contact. with  each 

A 

other    •  '  ° 

3. 

--Friction  * 

c. 

Society  of  Automotive  Enginee'rs 

4/ 

•J. 

■  *API 

> 

Measure  of  an  oil's  ability  to  flow 

f  SAEv, 

 _e.  Pipe  or  passageway  in  the  engine  gsed 

,to  carry  engine  oil  from  ,one  area  to 
another  '       *       .  ,  - 

V 

List  five  functions  of  'the  lubrication  system. 


( 


^.  3.  *  7* ' "''List , .thr^;^;types  of:  lu brf^.ation 


a» 

0. 

systems; 
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Match  th§  componerrts  qf  Jhe  lubrication  syste^  on  the  right  to  their  purposes. 


a.  Pro\ndesV  relssfvcHPfor  the.  engine  oil 


if  .         '  ^» 

b.  Limits  the  maximum  oil  pressure 


_c.  Carry  ^engine  oil  from  qne  area  to 
another  '  ^  *  ' 

d;  lndi(5ates  oij  pressure   during  engine 
operation  ' .  '        '     •  • 


/\  e.  F9rces  oil  under  pressure  to  various  parts 
'  of  the  engine  for  lubrication 

f.  Strains  the  engine  oil  removing  abrasive 


particles 

^g.  Engine  coolant*  flows  through  tWs  and 
helps  drssipate  the  heat  ih  the  engine)  oil 


(df^ntify  two  types  of  oil  filters. 


1.  .Oil  galleries     ,  ^ 

2.  Oil  filter' 

« ♦ 

3.  '  Pressure 

■  regulating  valve  ' 

4.  ■  *  Oil  pump'-*  . 
'5.  .   'Oil  pan 

6.  Pressure  gauge 

7.  Oil  cooler 


Name  two  types  of  oil  pumps. 


List  five  soyrces  of  oil  contamination.  _  ^ 

a.  .  * 

c.  ; 

d.  '  ■  •  ^     -    -  . 

List  the  purposes  of  lubricating  valves.  ' 

3  .  .  ■ 

biscusg  the  water  and  oil  circulation  in  an  oil  cooler. 


7 


I)  . 

/ 


-1 


Discuss  two  types  of. oil  pressure  indicating  systems.  _  ' 


Demonstrate  the  ability  to 'check  and  ^adjust  oil'  pressure      a  live  engine. 

(NOTE:  . If  this  activity  has  not  been  'accomplished  j)rior  to  the  test/ask  your 
instructor  when  it  should  be  complated.)  ^  '  '  ^ 


LUaRlCATIGN  SYSTEMS 
.   UNIT  I 


ANSWERS  TO  TEST. 


Mr 


4 
3 
5 


d.  1 

e.  2 


a.     Reduces  friction  between  moving  parts 


Absorbs  aW^sipates  heat 


c.     'Seals  the  piston  rings  and  cylinder  walls 


d.  Cleans  and  flushes  moving  parts 

e.  Helps  deaden  the  noise  af  the  engine 
if  ejaculating  splash 

b.  Internal  force  feed  and 'Splash        '  , 

■c.  Full  internal  force  feed 


4. 


a.  01 


%'     b.   -^jl,  pan 
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6.  a.     Depth  filter  •  cotton  waste  type 
b.    Surface  filter    mre  mesh  type 

7.  Any  two  of  the  following:.! 

,        a.     Gear     y      ^  •  . 

b.  Rotor 

— s/  ^ 

c.  c  Vane 

8.  Any  five  of'  the  following:,  ■ 

\  •   a.     Storing  and  handling  - 
-  •    b.  J^Dust  from  air  that  is  brfeath'fed  into  engine 

c.  Improper  engine  warm-up 

d.  Antifreeze  leaking  into  oi(  supply 
 e:  Oxidation  


f.  ckrbon  particles 

g.  Engine  wear  '  .  •  * 

h.  Fuel  dilution  •  '         .  «  " 

a.  Regulate  oil  pressure'  "  ^ 

b.  Bypass  oil  at  filters  and  oil  coolers  ^ 
Discussion  shoufd  include: 


^  ax 


0 


12. 


a.     Internally  mounted-Engine  coojant  is  pumped  by  wSt^r  pump  through  oil 

cooler  mounted  in  the  c^ankease  and  back  to,  the  radiator  where  the  heat"  \  ' 
is  djssipated^^  ^  *  ^ 


b.  Externally  mounted--E^lM  and  oil  are  pumped  through  the  oil  cooj^er  - 
Diseussion  should  inclljde"^|»^^*,  •  '  *  '  * 

a!-  Mechanical-Bourdon  tube' gaiTge  which  tends  to  straighten  out, when 
pressure  is  applied         *  *  ,  - 

b.  ^  Electrical  >  "  ^    *  * ' 

1)  ,   Sending  unit  is  at  pressure  source  '  v       -  , 

2)  Indicating  gai^ge  is. on  control  panel^       '      *    .  \ 
f^formance  skiMs  evaluated  to  the  satisfaction  of  tlje  instructor 
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COOLING,  SYSTEMS  i 
UNIT  ir- 


UNIT  OBJECTIVE    *  'j?  '  ' 

-   . .»  '       .  ; ■ '  '  =  V    '  •  ,    V  'v 

After  completfon  ©rthis  unrt,  'the  student  should  be  able  to  list  the  effedts  of  an  engine 
,    runrv.ngJtA  hot  or  too  cold. -The  student  should  also  be  ^ble"to  name  two  functions, 
of  the  cooling  system  and.  identify  the  parts  in  a  liquid  coding  system.  This  knowledge' 
.will  be  evidenced  through  cfemonstr^tion  and  by  scoring  eighty-five  percent  on  the  unit 
test.         ^  i^-    -  ■     '  »         .  . 


SPECIFIC  OBJECTIVES 


After  completion  of  this  unit,  the  'student  should  -be^able  to: 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

■  8. 
I 

9. 
10. 


Match  terms  associated  with  the  cooling  system  to 'the. correct  definitions. 
Name  two  functions  of  the' cooling  sy^stem.  •  . 

List  effects  of  an  engine  running  too  hot.  • 
Lis|  effects  of  ^  engine  running  too  cold.  . 


7 


T2. 
13. 
14. 


Identify  the  parts  in  a  ITquid  cooling  system* 

Identify  two  types  of  radiators.-         *  • 

^Name^  two  functions  of  the  radiator  cap.  ,  * 

Name  three^types  of. fans  used  in  cooling  systems.  ' 

Name  types  of  fan  control.  ,  " " 

List  thre^  purposes  for  using  a  coolant  .fHter 'or  conf[jtioner  fr\the  cooling 
;  system,   .     .  ,      *  '  \ 

SeJect  fun'btions  of  the  thermostat.  '  '       \ .  , 

Select  types  of  .thermostats.     *      .       .    ^  ^*      '  •      •  * 

Match  thife  disadvantages  of  using  water  ac:  a  coolant  to  the  corrective  actions.' 

•  ^  •  V  '  ^     *  . 

•Select  comm'^n' materials  that  may  restrict  radiatof  cbolant  flow.  .  - 


Ms.       Identify  the  primary  parts  of  a  wateir  pump  arfd  fan. 


40-Gr  ' 


16. 


<^emonstrate  the  abilify  to:  ,  .  • 

a.  Reverse  flush  a  radiator..  , 

b.  '"  Test  thermostat  action. 

^  c.    Test  fpr  exhaust  gas  leakage  and  air*  in  cooling  systenm 


J 


.  9 
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COOLING  SYSTEMS 

UNIT  il  ,  ' 

SUGGESTED  ACTIVITIES       '  .  . 

— ,  »  .  *  *  • 

♦  I.    Instructor:  •  '  , 

A.    Provide  studept  with  oBjective  sheet.        ^  '  . 

»        ^     B.    Provide  student »with  information  and  job  sheets.  .\ 

*  •     *  ^  f  •  ' 

C.    Make  transparencies.    ^ 

^  TDiscuss  unit  and  specific  objectives. 

E.  Discuss  information  sheet. 

F.  JDemonstrate  and  discuss  the  procedures  outlined  in* the  job  sheets 

G.  Demonstrate*  water  pump  overhaul. 

H.  Give  test.   ^  ' 
^^■^^^H.  Student: 

A.    Read  objective  sheet. 
•B.    Stu^y  information  sheet. 
C.    Complete  job  sheets.       *     .  ^ 


b.  ^  Al-D 


D.    Take  test.  ■  •  ■  •  V< 


'    '      _    INSTRUCTIONAL  MATERIALS--    ^  > 

I.    Included'in  this  unit:  '  ' 

A.  Objective  sheet  ,        ^  ^  .  :      .        -         *  - 

B.  ,  ififormation,  sheet 

C.  ^J^ransparency  masters        ^  7  ■      •  • 

1.  /     TM  1  "Parts  in  a  Liquid  Coojing  Systeni 

2.  '     TM^  2^^Types  of- -Radiators 

*  _         S-rPressure  Cap  Operation 
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4.      TM  4- Fan  Types     f  - 
5:  ^  '  TM  5-Coolant  Filter 
6..     TM  6"Oper9tion  of  a  Thermostat 


7.  TM  7"Types-  of  Thermostats 
8r     TM  8-Water  Pump^-aad  Fan 


mostat  >^ 


Job  Sheets  •  '  ! 

1.      Job  She^t  #1-HeYerse  Frash  a  Radiator 


2.      Job  iSheet  #2/te$t  ThiePmo^tat. .Action 

.3.      Job  Sheef'^^ilest  for  Exhaust  Gas  Leakage  and  Ai/jn  Cooling 
*  '  System  ^ 


E.  Test 


11/  ^  Reference's 


r 

F.    Answers  to  test  " 

\ 


A.  PuncfamBntals  of  Service:  Engines.  Moline,  Illinois:  Deere  and  Compaliy, 
^1972.  :  ,      '  •  '  \         "  > 

-    -    ,^  ,  ■  ,        .   c  \      '    '   -  *    ^  .     •     '  ^  " 

B.  Kates,  Edgar  J/ and  Luck7  William  E.  Diasel  and  High  Compressiqn  Gas'  '^:T\.j^^''^ 
Engines.  3rd  efi.  Chicago:  American  Technical  Society 1972.  , 


/  • 


9. 


;  ■  o  ■ 
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COOLING  SYSTEIVIS 
UNIT  II  ,/ 


INFORMATION  SHEET 


L    Terms  and  definitions  *  * 

A.    Coolant  -Liquid  that  circulates  through  the  cooling  system  to  transfer  engine 
heat  .   "  '  , 


ntains  correct 


m  ». 


5  it 

'4< 


III 


'B.    Thermostat-Heat  operated  valve  tj^t  autqfnatically.  maiptai 
operating  temperature  ,  •  " 

^  .  C.    Pressure.  cap-Radiator  cap  with  pressure  and^S^xuum  valve   '  - 

D.    Fan-Forces  coolihg  air  through  radiator  core  to  more  quickly  dissi^e  the 
+ieat  ^  ■  •  < 

.  E.  .  Bimetallic-Two  strips  oi  .dissimilar  metal  welded  together,  one  of  which 
expands  more  yyhen  heated  than  the  other 

F.     lnhibitor-Chem*;c^l  which  dissolves  in  water  to  form  ^  rustproof  film  on 
;    the  metal 

'  G.    Aeration-IVlixture  of  air  and  watgr  -  "^^ 

H.  Radiator  shutters-  Device  over  radiator  to  maintain  .temperature  variation? 
'of  coolant  y 

I.  Radiatof-H^at  exchanger  in  which  cooling  water  gives  up  heat  to  .the  air 
.witlpout  coming  into  direct  contact  wijh  it 

Functions  of  the  cooling  system  ' 

^  A.    Prevents' engine  overheating 
<     .  .  — 

'B.     Regulated  eh^e  temperature 

►  *  f 
Effects  of'^an  engine  running  too  hot 

A^.    Excessive' wear . 

B.  Scoring     *      '  \ 

C.  "    Knock''     .  ^ 

D.  Burnefi  piston  and  valves   '  * 

E.  Lubrication  failure 

F.  'Seizure  of  moving  part^,  , 
jj^^Loss  of  power         *     ^     v  , 

ox  •  . 
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*•  'VI. 


INFORMATION  SH£ET  - 

Effects  of  aa  engine  running  too  cold 

A.  Excessive  wear 

B.  -Poor  fuel. economy 

C.  Accumulation*  of  water  and  sludge  In  the^^rankcase 

D.  Lo$s  of  power   ^  , 

Parts  in  a  liquid  cooling  system  (Transparency  1) 

A.  Radiator 

B.  Fan  drive  belt  $ 

e.  Water  pu43ip  .      "                                     '  • 

.  D.  Engine  water  jacket  .        .             .    '  . 

E*.  Thermostat               *             '  • 

F.     Connecting  hoses'  ^  . 

» 

GV    Liquid  or  coolant 

H.  Pressure  cap, 

I.  Bypass  .  ■  ,    "  ^ 
J.     Fan  ^ 

•  Sbutters  and  control 
Types  of  ra^liators  {Transparency  2) 
A^ ,  Cellular  type  core  "  ,  ^ 


VII 


B.    JTube  and  fin  type  core  . 
.  Functions  of  the  r^iator'  cap  (Transparency  3) 


! 
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V 


A.  Allows  atmospheric  pressure  to  enter  the  cooling  system 
^  -{NOTE:  The  vaciiurn.  valve  dpens.) 

'^y^^ik     ■  •  •■  ... 

B.  Prevents  coolant  from  escaping  at  normal  terjiperatures^  . 


7 


(NOTB:  The  pressure  valve  permits  escape  of  coolant  or  steam  when  pressure 
*reaches^a  certain  jDoint.  Pressure  Tise  df  one  pounrd  will  rais^  th«>»boiling*'. 
temperature -.bf  water  about  3  degrees  fahrenhelt.)         ^   *  '      .V  ' 


3^2 


■  ■  •     '    .  .. 
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IMPORMATION  SHEET 

.  VIM.  Types  of  fans  used  in  cooling  systems  (Transparency  4)  ^ 
^>  •  '  ^  .  *    ■  ...  

\  A.*    Suction  type 


B.    Blower  type 


9< 


C.    Reversible  type  -  * 

 -       /     ^  ^ 

IX.    Types  of  fan  control        '  *        .  , 

A.  Helical  coil  spring  »  ,  *  ■ 

B.  Flex-blade  fan  •  o 

C.  Electric  auxiliary  control        ,  * 
X.    Purposes  of  a  coolant  filter  or  conditioner  (Transparency  5)  ' 

A.  Softens  j^e  water  •  .       -  ^  ^  • 

(NOTE:  Chemicals  in  the  filter  element  remove  corrosives  and  keep  the. 
.water  jackets  free  of  scale.)      -    '      .  ,  * 

B.  Removes  dirt*    .   ^  '  *  .       '  • 

(NOTE:  Filter  element  is  replaceabl^l  and' dfft  which  settles  to  bottom -may 
'  be  drained.)      '  '  ^  ^ 

C.  Provides  a  place  for  rust  inhibitors  in  the  filter  element  ^^'^ 

(NOTE:  Rust  inhibitors  dissolve  to  form  a  rust  proof  film  on  the  metal  ^ 
.  surfaces  of  the,  cooling  system.)  ^        '        ,      '  * 

XU  ^Functions  of  the  thermostat  (Transparency  6)-     '  , 

«   A.  ^  Provides  automatic  contcoi  of  the  engine  temperature  , 

B.    Perrfiits  rapid  .engine^  warm-iip 'when  closed  *  ■       .  "  ' 

.,C.    Permits  efficient  cooling  when  open  -     .  ^  -  •  . 

XII.    Types  of  thermostats  (TranspaVency  7) 

A.  Bellows  *  V 
■  .                                           •    *  *'  *  • 

B.  •  Bimetallic  "    .  »f     .  ^  ^ 


C.  Pellet 
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■INFiaRMATION  6HEET- 


XIII,    Disadvantages  of  using  water  as  a  coolant  and  corrective  actions 

A.    Freezes  readily  when  cold--Add  antifreeze 

-  3.    Boils^d  evaporates  when  hot-Pressurize  systgm 
*  .  -  ,    ;  '  • 

C.    Corrodes  metal  parts-Add  rust  inhibitor 
""^  1  ,  .  -  '       ^  ' 

'D.    Causes  mineral  deposits  and  scale  in  water  jackets- Use  soft  water  and 
"chemical  additives 

XI v.    Materials  that  may  restrict  radiator  coolant  flow 


XV. 


A,  Rust 

B,  Scale  ^ 

C.  Oil 

D.  Lirnev  ^   .  - 

Primary  parts 'of  a  water  pump  and 'fan  (Transparency  8) 
A.    Fan  bjade  assembly 
8.     Fan  hub 

f .   .^an  belt  $  * 

D.  Pulley    .  . 

E.  Bearing  and  shaft  assembly" 

F.  -'  Water  pump  housing  ■  ' 

G.  Jmpeller 


I 


M 
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Parts  In  a  Liq^iifl  Cooling  System' 


ine 

Water  Jacket 


^  Pressure  Cap 

Therndostaf  shutters 

And 
Control 


i: 

1r 


Water  Pump 


Fan  Drive  Belt 


J  Cooling 
Air 


Coolant 


Radiator 


w  Shutterstat 


Types  of  Radiators 


'Water  Passage 


Pressure  Cap 


■  'r  ■•  ..-J  .- 


Cellular  Type  Core  Radiator 


^Water  Passage 


Caofant 
To  Fngine 


ERIC 


Tubp  jhd  Fih-l?yF^leXofe  Rad^^^  , 


CooJant  From  Engine 


Topical  Radiator 


Pressure  Cap  Operation 


Valves  i^iosed 


Pressure  yajveJOpen 


J 
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Vacuuni  Valve  dpeif 


1 


.f 


Coolant  Filter 


Filter  Elemenf 


Resistor  Plate 


Cdaiant  in 

Prain.pTug_=Ii^ 


1 


O|ieration  of  a  Thennostat 


To  Rfdiator 


Coolant  Hot 


i  erIc 


TOemrostat  bppn^ 


^  Thermostatiilosed, 


^^^^  1 
\  ....  *' 


Typis  of  Thennosfats 


y 


»ZZZZZZZZSZZ2^ 


^fiftows'Thef  mostat 
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■  1 


^imeiaiiic  ThermostaiT 


i.  : 


Impeller 


Bearing 
:  Retainer 


Water  Pump  and  Fan 


Fan  Blade  Assembly  . 


Water  Pump     Bearing  and' 
Rousing  ,    shaft  Assembly 


Fan  Belt 
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•  COOLING  SYSTEM 
;  ,•  UNIT  II 


JOB  S>iEET,#1--REVERSE  FLUSH  A' RADIATOR 

Tools  and  materiats 

A.  Flushing  gun     '  *  ^ 

B.  Han(j  tools  -  .  " 

,  «•  *      ,  " 

C.  Water  source 

D.  Qompressed  air  source"  '  V  .    *  .* 
  •        #  * 

E.  Safety  gjasses  . 

Procedure  '     '    ■  '  * 

V 

A.  Drain-  the  radiator 

B.  Disconnect  both  hoses  -    •  . 

* 

•  «  t 

C.  Connect  the  flushing  gun  hose  to  water  source  and  air  source  of  100  PSI 
•  >     (pounds  per  square  inch)  •  _ 

D.  Connect  the  flushing- gun  nozzle -to  iovver  radrator  hose  (Figure.  1) 


FIGURE  1 


Discharge  Hose 


'  '  Flushing  Gun 


E.  _    Turn  on  wa^r  * 

F,  .    Fill  radiator 


*  G.     IHject  air- in  short  btjrsts  to  clear  the  tubes 
,H.    Allow  radiator  to  fill  between  bursts 
.1.    vCon-tinue  until  water  ftows  f reefy 


9- 
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.    COOKING  SySTEM 
UNIT  II 


.  JOB -SHE_ET  fr2"TEST  THERMOSTAT  ACTION  " 

.  ■     '     ■     '  f     '  ■  * 

Tools  and  Amateriafs-  ~  •     '         ,       ■  ' 

/\. ,  Heat  source  > 

B.  Container  af  water:    ,t        -  *      ,   ^    ,  ' 

r  '  .  *"  •  t 

C.  Thermometer  *  "       ' .  ^ 

D.  *  Thermostat  '  .^^       'a  .     ^  " 

E.  .   Safety  glasses  •   .  '  .  '  '■ 
Procedure                                           "       «         '  • 


.A.    Suspend  the  thernlostat  and  thermometer  in  container  of  water  (Figure  1) 


FIGURf  J 


Thewftiometer 


Tfiermostat 


Heat  Source 


B.  ^  Compare  the  temperature  rating  stamped  on  the-  frame  of  thermostat  .to. 

Tne  tfferrriometer^  „  *  ^  .     •  • 

*  '  ^        .■  *  .  * 

C.  Thermostat  sliould  start  to  open^at  the  temperature  stamped  on  the  frame 

and' be'^fully  open  at  22''F.  above  the  specified  tenlperature 

»       .     ■       .  ,  ■  •  ,  . 

D.  ^  Rernpve  thermostat'  and  obsefve  its  .closing,  action  -     '  .    '  *       ^'  -^ 

E.  If  thermostats  is  defective, -tliscard        '    .      .  *  - 


•COOLING  SYSTEMS 
UNIT  II 


.Job  sheet  #3--test  for  exhauspgas  leakage  and  air 

in  cooling  system        ■  ]  . 

/I.    Tools  and  mateFials  ,      .  , 

A.    Live  engine       "  t  ^  ^  ^^^^^^/T 

'   B.     Rubber  tube     ./    V  * 
"C.    6ottle-  of  water 
D.  .*  Safety  glasses 

II.  .  Procedure.  **  '     •  *   .        •  '  ' 

A.    Test  for  exhaust  gas  leakage  (bjow-by)     "  *    _     •    '  / 

1.     ,  Warn?  up  the  engine  'and"  keep»  it  under  load  ^       ,   .'  ■ 

Remove  the  radiator  cap  and  look  for  excessive  l^ubbles  in  the 
.  .  ^  coolant  (Figure  1>  *  •  • 


FIGURE  1 


Gas  Bubbles 
Mean  Blow  By- 


Pressure  Cap  filmoved 


Look  for  a  sign  of 'blow-by  such  as  bubbling  or  ah  oiMfilm  on 
the-  cobtant     ^    »  ^     ■       -      ^    .  ^  1 

JNOTE:  A  cracked  head  or  a  loose  cylincter  head  joint  allows, 
^ot  exhaust  gas  to  ^be  blown*  into ^ the  doling  system  under 
^  combustiori  pressures;  even  though'^" the  joint  may  be  tight  enough 


and  fprnr  acfds  which  cause  cortosjon,  rust,  and  clogging.) 


7565- 


68-D 


SS5 


.     -  J. 

^  *   JOB  SHEET  -#3. 


V 


B.    Test' for  air.. in  cooling  .system  ,  •  , 

'  ^V/'    Adjust-  CQolant  to  forrect  level-         '   .  :  >  -  * 

2>  "    Replace  pressur^'-cap  'with 'a  plain,  air-tight  cap  . 

-       \     ,         •  •  *  *  ^  -  -    •  • 

^  ;  /^3. Attach  .rubber  tube  td  lower^  end  J^J*  oy&i  ./pw  pipe^* .-«^   ^ . 


4. 


^  *'  (NOTE-:  .Be,  sure  radiator  e«p  and'toBe  are-^ir-trght^) 

WitKirgnsnfiTssiof)  in:neutraL.^ear;  rurT*§ngine  at  high  speed  until  * 
'  temijerature*' gauge  stops  ris'ing  and  lemaiqs  s^ati.onary  . 

Withoik' changing  engine  speed  or-temperatjirer  put.^d  efjubbfer 
.  ^tUpe'  iji.^ottlA  of  vC^ater  -  ^ 

,  Watch  for  continuous  strearir'of  bubbles  nn  tbe  wateP  b9ttle,  ■ 
showing  that  air  is  being  draw  intoi' the  coollfig  systein  (Figure^  ^ 


{N6TE:^  Aif  may  be^dravVrt  int(3  the^iiJo'otant.^ecayse  .of  asjeak  -J 
in  the.sys^enn,  turbulence^Jn  tKe  top  tank/'W  too-low  (Toolant-  " 
level)       A        '  .   .  ' 
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COOLING  SYSTEMS 
UNIT  II 


NAME. 


"  TEST. 


D  -  69-0 


^1  ;     Ma>cb  the  terms  on  the  right  to^the  correct  defihition6. 


_a.  Liquid^  that   circulates   thnsugh  the 


< . 


3.. 


;  •    cooling  system  to  transfer  engine  heat 


j^.  Heat  op^erated  valve  that  autom^ically 
maintain^  correct  opeTating  .tempierature 


_c.  ,  Radiator  cap  with  pressure  and  vacuum 
^    valve  J "  ^  ,  ^ 

•      .  •    •  •     ■ ' 

d/.  Forces'air  through' radiator  core  to  more 
'   quicWy  ^dissipate,  the  heat.^ 


J  e^  Two- strips  of  di^imilar  metal  we[de'd^  • 

*  together,  one  .of  whiqh  expa'nds  more 
'  when  heated  than^the  otheK>^ 

 ]_f.  ^Che^i^^l  which  dissolv^.  in' water  to  - 

» foVrru  aj  rustproof  film  on  the  nnetal  . 


g.  IVjixtur^e  of  ^ir  and  water 

h.  De\>ice     over    radi%)r    to  .'nriaintain  ^ 
-*temper^tu/e*Jrfariations  of  coolant 

;_i.'  Heat  exchanger  in. which  .cooling  water 
'  gives  up  h^t  to  tde  air  without  coming^ . 
f  into* direct  coht^t  vy/th  It 


1. 

Inhibitor- 

2. 

Bimetallic 

3.  ' 

Radiator 

4. 

Pressure  . 
*  cap 

•  > 

5. 

Coolant 

•I 

6. 

Aeration 

1 

7. 

Thermostat 

r  ■ 

8. 

Radiator 
shutter^  * 

9. 

>Fan  /  ' 

* 

c. 
d. 


•Name  two  functions  of " tjie- cooHng  sys.tem. 

a.,  •  ^'  •     :  • 

List  four  eff.ects  of^n  engine  fanning  too  hbt. 


-C4 


\ 


■  5G7  ■,  / 


7  . 

«   f   f ' 
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'  6.  .  ■   Identify  two  types-of  radjiators, 


Water  Passage 


a. 


Name  two  functions  of  the. radiator 'cep. 


a. 

b: 


8.       .Name  three' types  of  fanrs  used  in  coblThg  systems: 
a.  •      ,        •*  «  '  ' 


/*  b. 

c.       •  /  ,    .  • . 

9,     •  'Namfe  two.  types  of  fan  control. 
■   ■      a.  . 

-  t'-  ^.     •  • 


V4   *  ♦ 


J 


s.    . 10-        List,  three  purpdses  for  ustru]  a  cooiant,.filt'er  or  conditioner  in  the  cooling  system. 


C. 


11-       Select  tunctions  of  Uie  tht^rmostat  by  pjacing  an^X'*  in  the  apf>ropriate  i)[anks. 


-t; 


/ 


^Permits  rapid  ^engine  Warm-up*  when  closed* 
^b. -Permits  ejficiont  c</aling  vvh'en  :'a^n 
c.  Permits  rap^d  engine  ^wlfega-up.. when  o^n  ^ 
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/ 


d.  Permits  efficient  cooling  when-  closed 


12. 


 ^e^Pcovides  autWiatic  control  of  the  ^ngine  temperature 


Select  the  typesl  of  ther/noslats  by  plating  an  "X"  in  the  appropriate  blanks. 


a.  Burrows  ^ 

b.  Rectangular 

c.  ;*Bellows 

d.  Bimetallic 


-^>^  e.  •  Pellet 


13.     ^  Match  the  corj»ective  .actions  on  tbe^ri'ght^to  the  disadvantages  of  using  water 


as  dt  coolant. 

__a.  Freezes  Feadfty  'w>en  cold: 

_^b.  Causes  mineral  deposits  .^nd  j^cale  in 
'water  Jackets  ^ 

c-  Boils  and  evapprates  when  hot 
—  , 

_d.  Corrocfes^  metal  ;parts  *        ^  , 


2.  '     Add  antifreeze 


t3.  ressurize 
system 

•  4.       Us|  soft*  water 
and  chemical 
.additives  " 


14.       Select  conrmon  materials  that, may  restrict  radiator  CQolant  fiqw  by  placing  an 
^*X"  in  the  appropriate  blanks.  *  * 

}  s   a. -Ojl     .  i 


'  t'r 

b.  Hair      If       •  C- 

L  Suds    -  v^' 


.g.  Rust 


d.\  Lime 


570-  L 


16.       Demonstrate  the  ability  to: 

a.     Reverse  flush  a  radiator. 
^      .  b.   'Test  thermostat  action. 


c.     Test  for  exhaust  gas"  leakage  and.  air  in  cooling  system. 

(IMO][ENjf  these  activities  have  not  been  accomplished  prior  to  <the  test,  ask 
your  instructor  when  they  should  be  completed,) 


r 


« 

<.  -•)-- 
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COOLING  SYSTEMS 
*  UNIT-II 


ANSWE  R«  TO  TEST  ^ 


b'.  7 
f.  4 
d.  9 


%  2 


f. 


1> 


a.-   Prevents  engi'rt^  overheating 


b.^  f^egulS'tes  engine , temperature" 
'Any  four  ^  the  following: 
a. 


Excessive  waF- 
b- '   Scoring  ' 


c: 

d. 
e. 


A 


3  _ 


^nq.q)<  ... 

*  Burned  piston  and'  valves 
Lubrication  failure 
f.     Seizure  of  moving  parts 

Any  1*hree  6f  the  following; 

a.  Excessive  wear      '       ^  . 

b.  Poor  fuel  economy 

"  c.  ^  Accumulation  qf  water  and  sludge  in  the  cr^ankcase 


cl.     Loss  of/power. 


^a. 
b." 
c. 
3. 
e. 


Liqiiid  or  Coolant 
Pressure  cap  , 
Thermostat! 
Bypass  . 
Engine  water  jacket 


*  r  T  V 


^ —  I 


V 

,  f.     Water  pump 
g.     Fan  drive  be^^ 


h.,    CoDnecjing  hoses 
^     ♦  .    i.  Radiator 


j.      Fan     '  ^ 
-k^    Shutters  and  control  * 


6.       a.     Tube  and  Tin  type  core  radiator 


5r?r<^ellulai:  type  pore  radiator  .     .    ,  ^. 
^  .  •        .^7.       a.     Allows  atmospheric  pressure  to  enter  the  cooling  system 

•  b.     Prevents  coolant  from  escaping  at  normal  temperatures 
8.       a.     Sucti|)n  type      j  r 

b.  .   Blower  type  \,  > 

c.  ^eversibJe  type  ^  .     •  .  . 
'9.4    ,  Any  two  of  the  fbllowing:  ,            *  ' 

a.  Helical  coil  spring  ^  ^ 

-  b,    Tlex-b1ade  fan 

_  '  ■ — —  •  ,  * 

"  c.     Electrie^auxillary  control 
IQi^^^  a.     Softens  the  water  '  ' 

'   ^     '  ■  \    "     '  "  "  • 

b.  "HWffioves  dirt  • 
.    —     c.     Provides  a  place  for  rust  inhibitors  in  the  filter  element 
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t 


14. 

15. 


)     .  16. 


a,  d,  e,  g  • 


a. 

Fan  brade  assembly 

•  • 

Fan  hub  • 

c. 

Fan  belt   '  ' 

F^ulley      '    .  /-f 

e. 

Bearing  and  shaft  assembly 

f. 

Water  ^pUn?p  ^housing* 

 ^g^' 

^mpelher'    .  '. 

Perforrhfence  ski-lls  »eyaluated  to  tne  satisfaction  of 'the  instructor 
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AIR  INTAK€  AND  EXHAUST  SYSTEMS 
UNIT  in    ^    •  ^  * 


UNIT  OBJECTIVE 


After  compWtion  of  th)s  unit,  the  student  should  be  able  to  tdentify  the  -components 
of  an  air  intake  and  exhaust  system.  The  student  should  also  be  able  to  disasserhble, 
service,  repair,  and  assemble  *a  supercharger.  This  knowledge  will  be  evidenced  through 
demonstration  and.  by  scoring  eighty-five  percent  on  the  unit  test 

SPECIFIC  OBJECTIVES  " 

After  completion  qt  this  unit,  the  student  should  be  able  to: 

1.  .Match  tepmVassoGiated  with  air  intake. and ^exhki^systems  thjthe  correct 
\    definitions.  "  ' 

2.  Name  -parts  of  .an  air  intake  system. 

3.  •  Name  parts  of  an  exhaust  system. 


\ 


4.  Dyjcuss  three  types  of  air  cleaners. 

5.  '    Drscuss  thre^  methods  of  scavenging  the  cylinders  on  a  two-stroke  cycle 

engine'.;;,/  .  - 

\  .       *      i       .  ■     •  " 

6.  distinguish  betvyeen  port  scavenging  and  valve  jscavenging  Jrr  two-cycle 
.  engines.  ^    ^       '  /  '  ^ 

7.  Discuss  two  type^  of  ^superchargers.  *  * 

8.  List  advantages  of  a  turbocharged  engine^       V"  ,  '  ^  ? 
9..      Denrfonstrate  the  ability  to:           •  •  ^ 


Test  an  engine,  for  air  flow  festViction. 
b.     Inspect  a  turbocffarger  |or  satisfactory  operation; 
•  ■  c.    , Remove,. di^asseTnbte/ servic|iV  assem^^^    and  install  a  turbocharger. 

,  \  ^       d.^   Disassemble,  service,  repair,  and*  assemble  a  supercharger. . 


/ 


A 


 •»! 


Alf^  INTAKE  AND  EXHAUST  SYSTEMS 
UNIT  111 


SUQGeSTEO.ACTJVITIES 


1.    Instructor;^  ,  '        '  . 

A.  ^    Provide  student  with  ^objective  sHeet. 

B.  Provide  student  with  information  and  job  sheets?sK«* 
>C.    JVIake  transparencies. 

'    ..D.    Discuss  unit-^and  specific  objectives. 
E.  -  Discus^  information  sheet. 

R  ^  Demonstrate  and  discuss  the  propedures  outlined 
G.    Give  test. 
II.    Student:  ^  ' 

A.  Read  *  Objective  sheet. 

B.  Study  information  sheet 

C.  Complete  job  sheets^ 
:  .D.    Take  test. 


t.  Included  in  this  unit: 
A.  Objective  shget  ^ 
B*.    Information  sheet 


INSTRUCTIONAL  MATE 


Transparency  .-masters 

•  »  •  ■}  • 
1.,      TM,  1--Drf  Typ 

■  '     ^\        ' '  L    f  " 

'    2.       TMj  2--Viscous-lmpinger5rt*eht  Air  Cleaner 

3.,      fMr3--0il  Bath 

TIVK  4-Crankcase  ScayenWag  Endjnb 

•  .J5.    .  TM  5-Scavenging  Pump  and  Blower 
6*^      Tiv(  6-PorT-ScavenAedy Engine^  * \, 


8.   .  TM  8-i 


TM  y-Vatve^avenged  Engine 

JDisplaaement  Supercharger 
TM\9-;CentrrfuganType  Supercharger 


D. '    Job 'Sheets  * 

1.     '  Job.  Sheet  #1-Test  /fR  Engine  for  Air  Flow  Restriction 

2;   '   Job  Sheet  #2-lnspect  ^  TurbochargerJor  Satisfactory.  Operation 

3.  ^Jpb  Sheet  #3-- Remove,  Disassemble,  Service,  Assemble,  and, 
*  .          .  Install  a  Turbocharger  -  ^ 

4.  Job  Shefet  #4-'Disassemble,  Service,  Repair,  and  Assemble  a 
^   SOpercharger       *  , 

E.  Test  '  ,  '  ■ 

9  ' 

F.  .  Answers  to  test  -  /  ■ 

II.    References:         *      .  *  ;  • 

A'.  .  Kates,.  Edgar  J.,  and  Luck,  William  E,  Dieset  and  High  Compression  Gas 
Engines,  3rd  ed.  Chicago:  Anqy&rican  Technical  Society,  1972.  '      '  •  - 

.   *  b/    Fundamentals  of  Service:  Engines,  Moline,  lllfndis:  Deere^ni 
1972.  '  ,  *  •  t 

C.  V'/1  Service  Wanual.  Detroit,  Michigan:  Detroit  Diesel  Allison^  Revised 

■  \,  ■  1975.       ; .  ^      '  .  -  ^      ^  < 

D.  "H'jand^NH  Seifes  Shop  fi^ahvaL  Columbus,  Indiana:  Cummins  Engine  Co:, 
y     Inc.*  ,         ^        ,  ' 
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AlR-H?f?^E-^ND  EXHAUST  SYSTEMS     •    '  ---■•-> 
•        '  '    '    UNIT  I  If       >-  ' 

^\  ,   INFORMATION  SH'EET 

Terms  and  definitions 

A.  Filter  Unii  containing  an  element  of  varyinj/ degrees  of  fineness  to  trap 
foreign  parjiples  ^  /  f 

B.  Scavenging-Method  of  pushing  air  out.  of  the  cylinders  during  the  exhaust 

•  stroke  on  two-cycle  engin/s  "  < 

'    -    .  / 
*  /  ,     *  •  .  ♦ 

C.  Port-Opening  in  a  cyliyger  block  K)r  liner  *f or  intake' an'd/or  exhaust  air 

on  two-cycle  engine^ 

D.  Valve-  Device  for  scaling  the  intake  and/or  exhaust  ports  in  a  cylinder  head 

E.  '  Blower-Method  dr,  increasing  air  pressure  and  velocity 

F.  Roots  typ£  bicwer -Posijive  displacement  blower  to  raise  intake  air  above, 
atmospheric  pressure      '  "  ' 

G.  TurtDOcharger-Exhaust-driven  turbine  whrch  drives  a  ceqirifugal  compressor  * 

'H.    Manifold-/Pipe  or  casting  with  multiple  openings  to  connect"^ multiply  \ 
cylinder^  to , one  outlet  or  inlet  ^       ^  ^ 

J.     Supercnarging-'-Method    of   charging^  cylinders   with   fresh   air  jbove 
atmospheric^. pressure  on  the  intake  strbkg  V 

J.     Naturall-y  aspirated-Engine  which  is  not  supercharged 

K.    Precleaner-Device  to  collect  sorpe  dirt  from^air  before  it  enters  ti^^emain 
air  cleaner  ^  '  ^      ■       ,  *  '  ^   *  ' 

Part6  of  an  intake  system  * 

A./  Preclear^i(,/air  cleaner  ,  .\      ^  '   '      *   ^  « 

Supercharger  (if  used)      •  '  ^   v*  .  '  '     ^  ^ 

^         .    '         \  '  ^     '\  / 

C.  Intake  manifold  ^  ,\    *    '  ' '    "         «  •  - 

D.  ^Piping 

E. '    Intake  valves  or  potts 


Parts  ^of  an  exhaust  system 

A.  Ports  and/or  val,ves 

B.  Exhaust  m'anifoM  j 

C.  Piping 

D.  Muffler,  - 
Turbocharger  (i^*-used) 


1 


Types  of*  air'cleaners 

A/    Dry*elemdnt  type-Cleaning  is  done  by  r^placing'^element  (Trans^rency  1) 

B.  Viscous-inripingement  type-Cleans  air  by  passing  It  through  a  maze  of  metal 
•  wool/ wire,  dr,  screens  saturated  with  oil*  (Transparency  2) 

a.  •  ,  *  ft  * 

C.  ^  Wet  type-Cleans  air  by  directing  it  tTirough  a  center  tube  into  thejnn'er 

oil  cup  where \ direction  of  air  flow -is  reversed  .causing  most  of  the  dirt 
to  becohfe  tfabped  1)y  the  oil  and  settle  in  the  sump  (Transpaf-ency  3); 

Methods  of  scavengii^ig  the  cylinc^ers  ^     •    '  . 

A^    Cranl(<:ase  (Tran$parency  4)  '  ^    "  • 

1.       Air  enters  the  engine  through  the  grankcase  "  • 

,  '2, "     Each  downward 'movement  oT  the  piston  compresses  the  vapor^ 
within  the  crankc^se  untiTtjie  intake  port  or  valve- opens 

3.       The  combressed  vapor  .escapes  into  the  cylinder  at  a  pressure* 
nearly  equal  'to  atmospheric  .pressure 

*  Power  piston  (Tcans^arency  5)^  .  '  ' 

1.       Uses  a   separate  pistoni  and .  cylinder  driven  by  the  engine 
cVanTcshaft  '  *  .  .  -  ^ 

«y         2..      Pushes  the  vapor  into  the  cyfinder'^s  the  intake  valve  or  port 
.  opens ,  \  ,  ^  * 

<;r    Blower  (Transparency  6)       , ,  ^        ^  "  * 

1.  ^  Uses  a  positive-displacement  rotary'  blower  driven  by  the  etngme 

^  2.       Compresses*.the  vapor  into  an  air  chamber  surrounding  the  in.t^ke 
ports       *  ■        \  ,     ^  '  .         *    ■     1  • 
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'Pprt  and  valve  scavenging         .     '  . 

/sji    Pbrt  scavenging-/S|^-tr  enters  and^gas  leaves  through  ports  in  the  cylirider  block 
or  lipar  which  the  piston  uncovers '(Transparency  6) 

B.,    Valve  scavenging-Air  enterj  through  port?  in  the  cylinder  block  and  g'ases 

r leave  thrgugh.  valves  in  the  cylinder  head  (Transparency  7)'-^ 
(NOTE:  The  ■scavenging  process  in  the  two-c^cle  engines  uses swish" of 
'     air  to  push^out  the  spent  gases  and /epiace 'them  with  frfesh  air  at 

atmospheric  'pressure.)  *  ■  < 

s  -  .  .  .  y. 

Types  of  superchargers 

A.  Positive  displacement- (Transparency's!  ' 

(N^TE:  The  roots 'type  blower  is  a  positive-displacement  supercharger,) 

1.  *     Driven  by  a^chain,  belt,  or  gear 

2.  Rlpmbles  oil  pumps  \f\  design  f 

B.  Centrifugal  (Transparency  9)     ,       .       '        *  '  * 
(NOTE:  Turboch^r^rs  are  an  exhaust  driven  centrifugat  type  supercharger.) 

^   1.,      Driven  by  engine,  engine  .exhaust,  or  separate  motor 
2.       Impeller  normally  moves  thirty  times  engine  speed 
Advantages  of  a  turbocharged  engine 

A.  -Increases  horsepower  output^of  a  ^given  displacement  engine 

B.  Reduces    weight    by   delivering    more  .  horsepower    per    pound'  than 
nontUrbocharged  Engines  ,     '         <  ' 

C.  Cost  of  a  turbocharged  engine  is  less  on  a  dollar  per  horsepower  basis 

D.  Maintains 'horsepower,  at -higher  altitudes 

*(NOTE:  NaturaHy  aspirated  engines  lose- fhree  percent  of  hoYsepower  per 
.  eath.  1000  feet  of  attitude.)  "      •      ^    f-  , 

E.  .  '  Reduces  exhaQst  mqke  by  supplying  excess  air  to  re.duce  exhaust  density 


Outlet 
Clean  Air 


Dry  Type  Air  Cleaner 
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Built-in  Safdty 
Element 


Main  FibFous 
Dry  Element 


1. 


Element  • 

*•  .  Cleaner  P^nel 


Housing 


'  T 


Spring 
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Autbriiatic  Valve  Discharges 
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Mist  Eliminator  Pad 


Weather  Shield 
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Compressioh/Power  5Jroke 


Intake/Exbaust  Stroke 


Scavenging  Nmp  And  Blower 


Power  Cylinder 


V  Fuel-Air  Vapor 
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e  Supercharger 


Compressed  Air  Discharge  . 

Turbine  Wheel 

Ambient 
Air  Inlet 


Turbine  E)diau^t  Gas  Outlet 


'  Compres-^sor  Wheel  .\  '  Exhafist  tias'lnjet 


Annbient  Air  Inlet  .  Turbine 

Exhaust  G9^s  Discharge 

Engine  Exhaust  Gas  Flow/  J  .  -  g 
c=>    (Compressed  Air  Flow^  ^<3l 


air  intake  and  exhaust  systems 
Unit"  111 


f  .-JOB  SHEET  #1--TEST  AN  ENGINE  FOR  AIR  FLOW  RESTRICTION 

I..  /Tools  and  materials  '  .  ^  ■  - 

A.  -  .Vacuum  gauge         .  '  '  ♦ 

r  .  B.    Basic  hand  tool  set 
•  '   CJ?    Live  engine' 

D.  Shop  toweJs 

E.  Engine  technical  manual 
F^.'    Safety  glasses         »  ;  . 

\\\    Procedure  "    *  ^  . 

(NOtE:  VO/hen  ther  air  flow  is  restricted  there  is  mor^  vacuum  qr  suction*  in 
the  cylinders.  Thjs  can  cause  oil  to  be  drawp  jn  around  the. valve  steniP'and 
f)istons  and  so  increase  oil  consumption.)  \ 


A.  Wacm  up  the< engine  ^  *  . 

B.  Connect  the  vlfcuum  gauge  ^o  the  intake  manifold"  (Figure  1! 

FIGURE  1 


/ 


-C.    Set  engine- speed  at  ifast  idle  -  • 

D,    Compare  the  reading  on  the  gauge  to  the  specifications  ia  the  engine^ 

technical  manual      .  •       ^  '       ^  ' 

.  \  (NOTE:  Too^high  a  reading  me^ns  that  there  is  a  restriction,  in  jth^e  air 

intake  syjstemj,        •        .        "  %    '     '        \  ^ 
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JOB  SHEET  ^-INSPECT  A  TURBOCHARGER  FOR  SATISFACTORY  OPERATION 


I.  .Tools  and  material 
•  ^   Ay    Basic  hand  tool  set 

«  • 

B.  JLive -engine  with  turbocharger 

C.  Shop  towels 
*0.    Safety  glasses 

II.  Procedure 


7.  . 


A.    Inspect  the  mounting  and  connections  of  the  turbocharger  to  be  certain 
they  are  Secure  and  there  is  no  le%age.  of  oil  or'air  * 


B.  Check  the  engine  crankcase  to  be  sure  there  Is  no  restrictipn  to  oil  flow 

C.  Operate  the  engine  at  approximate^ rated  outpirt  and  listen  for  unusual 
turbochargel*  noise  ,     '  ^ 

.  ^  "  ^CAUTION:  If  a  shrill  whirie  (otjier  than  normalj.is  heard,. stop  the  engine 
immediately.  The,  whinre  means  that  the  bearings  are  about  to  fail.  Remove 
the  turbocharger  for  inspgotion.)  .    ,  '  " 

(NOTE:  Do  not  confuse  the  whine  heard  during  "hjn  down^',  as  the  engine 
stops,  vyith  a  bearing  failure  during  operation.  OtAer  unusual- turb(|charger 
nois^^could  m^ah  improper^^t;learance  betwee{(  tt)fe^ turbine  wheel  and 
housing.  If  suchmoises  lare  heard,  re^o^e  the  turbocharger  for  ipsp'ection.^ 
See  the  erjgihe  ^chnioal  manuals)"  >^S<d.- 


turbocharger  for  unusual  yibratron  whrle  engine  is  operating  at 
/ated  outpUt  .  -  ^ 


(NQTE:  Unusual  vibrations  like  noise-may  require  that  the*  turbocharger 
he  removed  and  inspected.)- 

E.  Ch^ck  enginejjnder,  I0d,.c^nditions 

(NOTE:  Excessive  e^ihau^smbki  indicaW  iricorrect  fuel-^irhriix^re.  This 
coi^ld      due  to^en)ine  overload  orr  turbocharger  malfunction,)  >^ 

F.  Inspect  and  sen/ice/air  cflaner  according  "to  Inrtructions  in  the  operator's 

•  •  ■•     .    '/    ■  ■ 
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JOB  SHEET  #3-REM0V€,  DISASSEMBLE,  SERVICE,  ASSEMBLE, 
AND' INSTALL  A  TURBOCHARGER 


4' 


Tools  dnd  materials 
ArA  Engine  with  tur^charger 
,B.    Basic  band  tool  set 

r 

*  '  \ 

C.  .  Chain  hoist  >'^i  ' 

» I 

M  / 

O.    Lifting  sling    \  ' 

E.  Torque  wrench  i  <; 

F.  Dial  indicator   V      '  « 

G.  Soft  hammer 

H.  *  Cortipressed  air'sc^urce 
L     Noncaustic  solven^ 
J.     Silicone  carbide  abrasive  cloth 
K»    Crocus  abrasive  cloth 

-'L.    Eye  protection  ^ 
A/1.    Shop  towels         '     .   "       '  • 
N.    Appropriatb  service  manual  .  .  *  • 

Procedure  [       '  \  ^ 

A.    Remove  turbocharger      *      .  .  . 

1.       Disconnect  the  exhaust  manifold  adaptor  attached  to  the  turbine 
housing         '  . 

-A 

'      2.       DisgoniTect  the  ^air  inlet' h>Q3e  Attached  to  the  compressor  housing 

3.  -Remove  the  oil  inlet  line  from  the  top  of  the  center  housing. 

4.  Remove  the  oil  outlet  lipe^'ftom  the  bottom  of  the  center  housing 


,  - . 
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.  5,       Attach  a  chain  hoist  and  a  suitable  lifting  sling  tothe  tttt-bochai-ger* 
assembly    '      -  >  • 

•» 

*  6,     *  Remove  the  nuts  and  lock  washers  securing  the  turbocharger 
•    ^      assemBly  to  the  mounting  bracket  ^ 

7.  Lift  the  turbocharger  assembly  away  from  the  engine  and- place 
it  on  a  bench 

■  X 

8.  Coyer  the.  end  of  each  oil  inlet-and  oil  oujtlet  line  and  the  air 
inlet  and  exhaust  bCjtlet  openings  on  the  engine  to  prevent  the 

^        •  "entry,  of  foreign  material  ^  ^       '    ,      '  • 

9. .     Clean  the  exterior  of  the^ttJrbocharger  with  noncaustic  cleaning 
solvent  before  disassembly  ' 

c  '  ' 

Disassenoble  turbocharger     '  .  ' 

8  U  *  17        16         '  \o 


1  Coupling-."V"  Baod  * 

^  2  Housing-Comptessor  - 

3  Bolt 

4  Lockpfate 

V         5  Clamp-Turbine  Housing 

6.  Housing"Tj*''bme  "* 

7.  ^ut"Self-Locking 

8.  Wheel-Compressor 

9.  Shaft-Turbine  Wheel  Assembly 

10.  Shroud-Turbine  Wh<?feK 


11.  Rmg-Piston 
,  J  2.  Screw 
13..  LoQkplate    *  ' 

14.  Backplate  Assembly 

15.  Ring-Seal 

16.  Spacer-Thrust  ^ 

17.  Ring..pist(jn 

18.  Xollar.-Thruu- 

19.  ^Washer«|nbodrd  Thrust 

20.  Bearjng 


I 


21.  Washer-Bearing 

22.  Ring-Snap 

23.  Ring -Snap  j 

24.  Bearing  ^ 
'  25.  WasherrBearirj^ 

26..  Ring-Snap 

27*  Housing-Center 


FIGURE  1. 


2. 

a. 


Loosen  the  "V"  band  coupling  securing  the  Compressor  housing 
(2)  to  the  backplate  .assembly  (14)       •  • 


♦Remove  the  compressor  housing  and  "V"  band  (Figure  1) 

Remove  the  eight  bolts -(3)  securing  the  four  lockplates  (4)  and 
[ujbine  hpus 
lousing  (6). 


tufjaine  hpusing  -claftips  (5)  to  the  center  housing  (27)  ancfturbfne 

"^housi 


4-v 


•  -  >     *  D  vlll-D 
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4-       Remove  the\turbine  housing  from  the  center  housing 

'CAUTipN:*Exer^*se'care  when  removing  the  center  housing  and 
turbine- housing  ^to  prevent  damage  to  the  cpmpressor  of  the  * 
tuTbine  wheel.)  '      *       :  .      •  . 

(NOTE:  Tapr  the  housing  with  a  soft  hammer  if  force  is  heeded  * 
^  for  removal.)  .      *  ' 

.  •  5-       Position  the  turbine  wheel  (9)  of  the  center  hbusing  assembly '     -  * 
in  a  suitable  holding  fixture 
'     ^  .     '    }\  /  ' 

6.       Remove  the  wheel  nut  (7)  from  the  shaft' 

,  _  '       (CAUTION:  To  pVevent  the  posstbility  of  bending  the  turbine  ,    '  ' 

.  „wheeJ  shaft,  remove  the  compressor  wheql  nut  from  the  shaft 
with  a  doubles  universal  socket  .and  tee  handle.)' 

7^       Press  tbe  compressor  wheel  (8)  from  the  wheel  shah  assembly 
*    '  (9)  '  '  ' 

8.  *    Wrthdraw  the  wheel  ^haft  assembly  (9)  and  the^/heel  shroud  (IQ): 

from  the  ceQter  housing  •  .- 

9..       Remove  the  four^  bolts  (12)  and.lockplates  (13)  securing  Vhe 
backplate  assembly  (14)  to'^  the  center  housing  (27) 

^         10.  *     Remove  the  backplate  assem^  ' 

;  V\       Remove  the  seal  ring  (15)  from  the  grooye^in  the  center  hodsing 

^    *      12.  ;     Remove,  the  tfinjst  spacers  (16)  and  piston  ring  (17)  from  the 

backplate  assernbly  *  • 


'  14. 


^13.       Reonove  the  thrust  collar  (18),  inboard  thrust  washer  (19), bearing 
^    (20),  bearing  washer  (21),  and  snap  ring  (?2^  from  the  center 
housing 

« 

Remove  the  snap  ring  (23),  bearing  (24),. baring' washer  (25j, 
and  snap  ring^  (26)  from  the  opppsite  endr^tXhe  cedter  housing 

C.    Clean  turbocharger 

(NOTE:  Before  cleaning.  Inspect  the  parts  for  signs  of  Burning,  rubbing, 
or  other  damage  which  might  not  be  evident  after  cleaning,) 

^  ,      '        ^    ,  ' 

1.  •    Soak  all  parts  in  -a  *noncaustic  cfeaning  sjjlvent  for  about  2fr' 

minutes.  ,  .  ^  . 

2.  After  soaking,  use  a  stiff  bristle  brush  and  remove  all  dirt  particles 


■ERIC     ,  ;     ■     .  .  . 
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,3.       Dry  all  of  the  parts  thoroughly 

t'  ,  '  . 

(CA^UTION:  Never  use 'a  caustic  cleaning  solution  for  cleaning 
'       •  as  this  will  damage  certain  parts.  Use  the  "cleaning  solutipn  in' 
'  an  open  or  well  ventilated  arear Avoid  breathing  the  fumes.  Keep 
away  from  open  flames. 'Do  not  use  a  wire  brush  or  a  stgel  blade 
scraper  to  clean  the*parts.^         .*  '  •  ^ 

«      •  >  '        *  '     .  ' 

^        '  (NOTEj  Make  sure  that  both  wheel  blades  are  thoroughly  clean/ 

Deposits  left  on  t|)e  blades  wi  I  l7§ffect  the  bglante  of  .the  rotating 

;^§$embly,)^^  "  f '  ^  -   ,  * 

v  4,   .    Cledn  all^of  the  internal  cavitie^'and  oil  passages  inihe\^ter 
housing  thoroughly  with  dry  compressetd  air,  -  . 

5.   '    Clean  tKe-  ofl  passage  in  the  center  housic»g  th/usf  pJateVwith  dry 
»  Compressed  air        .      '  '  ,  " 

BC^  Remove  the  oil  inlet  and  outlet  Itfies  from  the' engine  and  • 
•         thoroughly^  clean  the  oil  lines  in3ide  and 'out 

-k 

^  (NOT^:/An''*oil  line  th*at  is  dented  or  crimped  enough  to  restrict* 

the-flowt)f  oiLmi^st  be. repla|ed.)  *    '  * 

Inspect  turbocharger.  \    '       '  ^  -/^^  .  -  . 

1.       Inspgct^all  of  ^he  parts  for  signs'  of  damage,  corr^^ion,,  or 
'  deterioration  :  i*  •  • 

,2.       Checkvfor  ntcked,  crossed,  or' stripped  threads 

3.  Visuall\f  ch^ck  the  ,turbine -wheel  ior  signs^of 'rubbing 

4.  Inspect  the^shaft  for  signs  of  scoring,  scratches,  or  bearing  sejzu re 

5.  pheck  ^he  compressor  wh^l  -for^-signs  of  rubbing  or  damage* frptrr 
foreign"  material  , 

6.  Check  to*  see  tha't  the  wheel  bore  is  not  galled  >  ♦ 

\    "     '  (NpT£:  The  whe'Sl  must  be  free  of  dirt  and^other -foreign 
t     material.)  .        ^  .  -  *  , 

7.  ^    Inspect  the  seal  parts  for  signs  of  rubbing  or  scoring  of  the^running 

faces    '  -        /  '/     '      '  . 

'  8.     H  Inspect  the  housing  for  contact  with  the  rotating -parts   %  * 

(NOTE:  Xhe  oil  "and  air  passages  mgst  ^be  clean  ^6  free  of 
-  \  \  obstructions.)  .  - 
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9.       Using  a  silicone  carbide  abrasive  cloth  for' aluminum  parts,  or  a 
crocus  abrasive  cloth  for  steel  parts;  burriish'or  polish  any  minor 
'si>rf5ce  damage  that  may  appear  - 

J^D.       Replace  the  bearings  and  thrust  washer  if  they  shov/signs  of  nicks, 
scores,  shellac  deposits,  or  foreign  material  imbedment 

(NOTE:;  It  is  recommended  that  when  one  rotor  shaft  bearing 
, needs  replacement  that  both  bearings  be  replaced  at 'the  same 
time.)      "      ^   '  *       '  ■  . 

-  f       :t  ^  .  / 

11.  ^    Inspect  the  exhaust  outlet  elbow  seal  ring  for  sigps  of  wear  or 
breakage 

E.    Assemble  turbocharger 

^WOTE:  CReck  each  part  prior  to  installatioh  to  ensure  cleanliness.  As  the 
'   parts, are  ^s^bled,  cover  the  openings  ta  prevent  entry  of  dirt  or  other 
f 6rejgn  ^  m^t^ial .)  -    .  L  ' 

>^  1,\^   '  Lubricate  the^bearings  (20  and  24)  with  clean  engine  oil 

2.  Install  a  new  snap  jing  (26),  Bearing  washer  (25)/ bearing  (24), 
%      and  new  snap  ring  (23)  in  the  turbine  end  of  the  center  housing 

3.  Install  a  ^new  snap  ring. (22),  bearing  nA/asher  (21),  and  bearmg 
in  the  compressor  epd  of^^thie  center  housing 

4.  Install  a'n^  piston  ring  (17)  on  the  thrust  spacer  (16)  and  gently  ' 

-  insert  the  spacer  into  the^-^bfackplate  assembly  (14) 

'     'I   (NOJE:  Do  not  force  the  pistonVing  into  place.)  ^ 

5.  Position  the  inboard  thrust  washer  (19)  against  the  center  bousing 
with  the  hole  and  cutout  in  the  thrust  washer  in  alignment  with 
the  plhs  in  tFTe  center  housing     ^  ' 

6.  Install  the  thrust  collar  snugly  against  the  thrust  washer  y 

7.  Lubricate  the  thrust  collar  and  thrust  washer  with  clefan  engine 
^         '  oil  .  * 


8.-      jnstall"a  new-seal  ring  (T5)  -in  the  groove  at  the  compressor  en 
of  the  center  housing  *  "      /  ' 
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\    ^        .  . 

Align,  the^  oil  feed  *holes  in' the  center  housing  (^7)  and  the 
backplate  assembly  (14)  and  attach  the..bacRplate  to  the  centef 
hoDsing  with  foar  bolts  (12)  anti  hew  lockplates  (13) 

mm  \  ^""^'^'^ 

Tighten  the  bolts  to  manufacturer's  specified  torque  and  bend 
the  lockplste  tangs  up  against  the  side  of  the  bolt  heads 

.  ■*  * 

(IVJ0T5;*^lf  a  new  backplate  with- a  warning  plate  is  inadvertently 
installed,  the  warning  platb  must  be  removed  and  the  three  drive 
screw  holes  plugged>to  prevent  air  leakage.) 

Position  the, »whe^h  shroud  (10)  against  the  center  housing  (27) 
and  insert  the  wheel  shaft  assembly  (9)  through  the  wheel  shroud 
and  into  the  center  housing 

(NOTE:  Be  careful  not*  to  scuff  or  scratch  the  bearings  when 
installing  the  shaft.)  ^  .     "  * 

Places  the  turbine  wheel  shaft  assembly,  shroud,  qenter  housing, 
and  backpllte  upright  in  a  suitable  holding  fixture 

Heat  tlie  compressor  wheel  in  an  oven,  furnace,  or  ho^oil  bath' 
to  325'*F-375'*R  for  no  more  than  10  minutes 

Position  the  compressor  wheel  over  the  shaft  a^nd  install  the  wheel 
retaining  nut 

Tighten  the  not  to  manufacturer's  specified  torque,  while  the 
compressor  wh^el  is  still  hot  ^  - 

After  the  compressor  wheel  has  cooled  to  room  temperature, 
loosen  the  retaming-nut  and  inspect  the  nut  face  and  "the  front 
face  of  the  compressbr  wheel  tA  ^e^re  they  are  .smooth  and 
clean  ,  -      ,  *  , 

m  ^  • 

A^ply  a  st^all  amount  of  clean  engine  oil  to  the  nut  threads  and 
the  nut  and  wh^el  contact  faces 

Tighten  the  retaining  nut  to  manufacturer's  specified  torque 

(NOTE:  Tighten  \he  retaining  riut  in  such  ia'-'manner  so  as  nbt 
to  impose  a  bending  load  on^the  shaft.) 
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•         •  ' 

19.       Check  the  bearing  axial  .end  play 

 \  Clamp  the  center  housin^/dlsembly  in  a  bench  vise  equipped 

wijh  soft  jaws  (Figure; 


FIGU 


20. 

22.  ^ 

23.  . 


c. 


Fasten  b  dial  indicator  with  ^magnetic  base  to  the  .center 
housing  so  that  the"  indicator^  tip.  rests  on  the  end  6\  the 
rotating  shaft  on  the  cofnpressor  sicfe  (figure  2)  * 

Move  the  shaft  axially  back  and  forth  Vhand. 

^WOTE:  If  the  total  dial  iridrcator  readings  do  pot  fall  within 
"the  nnanufacturer's  specified  limits,  repair  or  replace  the/ 
rotating  assenfibly.)    ,  *  -  *  . 

^    .     .    '   .    /  '  -  *      .   v     ^  . 
Position  the^  turbine  tiOusing  (6)  against  the  center  Ijousing  (27) 
and  secure'it  in  place^ith  four  clamps -(Bl/four  riew  lockolates 
(4),  and  eight  tfolts"  (3).  •    "    .  -   ^  \ 

f  :    ^  .  ^  •  — 

Tighten  tKe  bolts  to  100-110  Ib-in  torque  . 

Position  the  confipressor  housing  (2)  against  the  center  housing  , 
(27)  ,and  sgcure  it  in  place  with  the  "V"  band  coupling  (1) 

Tighten  the.  nut  on  the  "V"  band,  coupling,  to  nfianufacture/s 
"specified  torque     .  ,      ^  ^       .  •  * 
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24,  ^  ^  X^heck  the.  shaft  radial  movement 

/  ^7a.  ^  Position  the  magnetic  base  wVth  the  swivel  adaptor  on  the 
flat  surface  ot  the  turbine  housing  inlet  flange  (Figure  3) 


FIGURE  3 


b.     FastQn  the  dial  indicator  extension  rod^to  the  dial  indicator 
and  atfScK  the  diaLJndicator  to  to 'the  swivel  adaotor  - 

^c.  .  Insert  *the  exten^on  rod  into /the  oil  drain  tube  mounting 
pad  opening  so  that  the- rod  is  against  the  wheel  shaft  and 
^  *  is  perpendicular  to  the  shaft  \  ^ 

*  (NOTE:  Make  sure'-the  extension  rod  does  not  nfafe  contact 

*  with  the  sides  of  the  center  housing,  otherwise  it  will  be 

*  ^ijp^Qs^i]bte<tOr'Obtain  aty  jdcuigte/j^&ging^----^     r^r  ''^^  r 

d.    Grasj)  each  end  of  the  rotating  assembly  and,  applying  equal 
^^ressure  at  each  end,  °move  the^rotating  shaft  first  toward 
■    ahd  then  away  from  the  dial  indicator,  creating  a  transverse 
movement  in  the^  shaft  (Figure  3)  ;  * 


(NOTE;  lf>the  displacernent  does  not  fall  within  these  limits, 
disassemble  Bnd; repair  or  replace  the 'rotating  assembly.) 
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*r     ,  *       ,        .     *     *  ,  '  .  ^' 

25.     .  Stamp  the  letter  "fl"  in  the  lower  left  hand  corner  of  the 
nameplate  to  identify  that  the  turboch^rger  has  been*  reworked 

Install  turbocharger  ^ 

r 

1.  Attach  a  chain  hoist  anda  suitable  lifting  sling  to  the  turbocharger 
assembly  .  • 

2.  .  Remove  the  covers  from  the  air  iaiefand  exhaust  outlet  openings 

on  th'e  engine  that  were  placed  •  over -^the  openings  when  the 
turbocharger  was  removed    '  -  \ 

3.  Place  the  turbocharger  assembly  into  position  on  the  mounting 
bracket 

4.  •  Secure  the  turbocharger  to  the  mounting  bracket  with  bolts,  lock 

washers, -and  nuts  *'  '>         '        ^       #  ^ 

(NOTE:  Tighten  t\fe  nuts  just. enough  to  hold  the  turbocharger 
tight  against  the  bracket.) 

5.  Slide  the  blower^ir,  inlet  tube  hose  over  the  compressor  housing 
outlet  opening  and  secure 'it  in  place  with  the  ,ho^e  clamps 

6.  Tighten  the  turbocharger  to '  exhaust  manifold  adaptor  bolts 
securely 

7.  ^Refgpve  the  chain  hoist  and  lifting  sling  from  the  turbocbarge^ 

8.  ^^^^^^^^^ftftall  the  oil  drain  line  between  the  opening  in  the  bottom  side 

"of  thd  center  housijpg  and  the  cylinder  block 

9.  Attach  the  oilmlet  line  to  the  cylinder  block - 

10.    *  Bef^e  starting  the^  engine,  m^ke  sure  that  th^re  is  adequate' 
lulDricatin^  oil  in  the  tU>bocharger  ^      ,  .  ^ 

a.     Clean  the  area  around  the  oil  inlet  openingV^tbgn  pour  about- 
•foL/r  ounces  pf  engine  oil  in  the  oil  inlet  opening  of  the 
center  housing  *    ^  ' 

b'.    Turn  the  rotating  assembly  by  hand  to  coat  the  bearings, 
thrust  washers  and  thrust , collar  with  oil 

'  •       ^   ^  \  '  ■  i 

c.     Hold  the  compressor  wheel  from  turning  and'start  the  engine 
and  run  it  at  idle  speed  "  ♦ 
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^  d.     As  soon  as  oil  appears  at  the  end  of  the  oil  supply  line, 

,       •     '        *  connect  the  oil  inlet  line  to  the  top  of  the  center  housing 

^  -  (NOTEi*   'Compare     oil     pressure^    to  manufacturec's^ 

Y  specification.)     "  -  *  .  ,       *  ' 

.        ,       .  e.^    After  the  oil  inlet  line  is  attached,  release  the  cooipressor. 

wheel  •  .  * 

11.  Check -all  ducts  and  gasketS\for  leaks*       -  ^  ^ 

12.  Operate  the  engine  at  idle  speed  fof^a  short  period '^tojDrovjde. 
i          ,               actecfuate  lubrication  'to  the  turbocharger 'bearings  * 

*  •  i  " 

♦      >  •  »  <i  - 

^  13.       Run  at  rated  output  .and  listen  for  sounds  of  metallic  contact- 

*    ^  from  the  turbocha'rger 

(NOTE:  If  any  such-  noise  is  apparent,  shut  down  the.  engine 
ifnmediatelv^,  and  correct  the  cause.  After  the  turbocharger'has 
been  operating  I'ong  enough  to  permit  the  unit  ajid  the  oil  to 
'  warm  up/the  rotating  assemnly  should  coast-freely  to  a  stop  after 
»  ,  ^  the  engine  is  stopped.  If,the  rotating  assembly^jerks^  to  a  sudden 

stop,"*  t-he\'  cause  ^should  .be  immediately deteu'mined  and 
eliminated* 
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JOB  SHEET  #4  DISASSEMBLE,,  S^RVlCE,  RERAlR.' AND' ASSEMBLE  A  SUPERCHARGER 

« 

■  \     "  .  ... 


I.  ,  Tools  &?td;  materials 

A.  ^  Basic!  hand  tool  set 

B.  Arbor  press 

C.  ViSeiwith  protective  jaws 

*  \    D.     Feel|ir  gauge 
*  *      E»  •  Soft;*  hammer 

.  F.     Locic  .wire 
'G.    Compressed  air  source 
^-       H.    Nonqaustic  solvent 
I.    'Mineral  spirits 

o 

•  J.     -Shop  tov^'el 
K.    Eye  protection 
X       L.  ^   Appropriate -service  manual 
H.  'Procedure 

•  \  ^  I  lA,  •  Disassemble  supercharger 

(NOTE-  Visually  inspect  rotorj-and  case  surfaces  fhrpugh  inlet  and  outle\  - ^^^^ 
ports  bfifore  >lissassemblip*r^P^?rcharger.     If  sevef#>^coring,  roughness  ' 
J     ,   or  cracks  aro  found,  r^fJTace  entire  assombley  with^  rebuilt  unit.) 

^  1'      .  Remove  intake  and  discharge  connections         .  ^ 

2.  '     Cover  bothTopenings  and  wash  exterjor  of  supercharger  with  . 
mineral  spirits 

'  ^      .(.CAUTION:  Do  not*  use  any  so'lutfon  that  wilLdamage  finished 
'  -  •       '         '       surfaces  or  aluminum)      «     ^  '   '  '  - 

'    3.^    » Mount  supercharger  ■  in  vise,  clamping  supercharger  at  iptaike 
^housing  only  tight  tioough  to  stabilize  it 

(WOTE:   Make  sure  Jaws  are  covered  with  copper  or  other 
.  protective  rT>ateric|ls.)  '       '    ^  .  ^        •  . 


0 

EMC 


607 


JOB  SREET  #4    '  .    '       '  . 

Rpcnove  pipe  bushm^  (rom  end  plato  coyer"  rorndve  oHor  spring 
and  plunger 

Pry  up  on  xi'pllar  6n  recessoa^washer  at  rgaf^f-drive  rotor  shaft;, 
remove  lo^nut  and  washer"  .'^  ' 

7  ^  * 

.  (MOTE'  Sjonie  tnodels  rtunJire  special  spanner  wrench.)  • 

Jie^nove  qcnoratorvJnve  coupluiq,  \i  used      *  ' 
(NCTFE:  Sonio  models  require?  special  puller.) 
f^mnove  capscrews  frona  end  plate  cover 

Carefully  pry  cover^from  dowels  using  a  small  screwdrivec  at  eacfi 
end  of  cover  :  , 

'  -         /  .    ,  ■ 

Drive"  out  oil  seal  , 

•  '     •  '  ! 

Pry  ears  of  recessed  wa'sher  up  and  out  of  slots  \h  locknut  on 
rotor  shafts 'at  f)lain  end  of  supercharger  a^hd  on  drive -coupling 
lockngt  at  gear  end  of  supercharger  ^ 

Lock  rotors  witfr  coupling  locking  wrench;  remove  locknut  at 
plain  end  and  locltnut  in  drive  coupling 

*  Remove  drive  coupling  from  shaft  using,  puller 

Remove  draip  plug  from  ^ttom  of  gear  cover  and  xJrain  oil 

Removtn^screws  from  Jjear  end  plate  cover  and  remove  cover 

s^emove  oileV  retainer,  Spring  kcV  wasfier,  arid  plug  from  gear  cover 

Remove  tocknut  and  lock  wash  er-'frpfn  idler  rotor-shaft  end  using 
shafts  lockijig  Wrench  to^  lock  rotors  (Figure  1)* 

figur'        '  ~" 
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Remove  socket  head^capscrews  from^gear  end 'plate' * 

Rempve  end  plate  rotor  ?nd  Jears  as.  a  unit  from  hQUsing,    ' ' 

CarefuUy  tap  plate  a^  each  end  with  rubber  hammer  to  remove' 
from  housing  dowels  '  "  '  j 

Check  each  rotor  for  the  proper  timing^Tiarks  ^nd  position  ^1 

(NOTE:  One  rotor  will  have  an  X  ma^K  along- ^e  gear  end  of 
'the  air  line.  „Xhe  other  rotoi^  ,will  have\an  X  mark  in^the  gear 
end  of  the  v^U^Wt)en  properly  assemblbd,  these  tWa X^  niarks 
will  pasf^t(5ge-J^^P0h>time  t>ie  supercharger  routes.  \i%e  rotors 
do  hot  f^vert|^K^,5irks,  H  WiW  be  necessary/to  mark  the-rotQrs  . 
prior  to  recnojy^fom  end  plate.  When  reassd^mbling  the  ffflit,  the 
rotors,  nTOst^>#ete^  in  the  same  position  as  they  did  bfefdre 
disassembly.  Keep, -all  rotors  in  matched  pairs  when  rebuilding  . 
more  than  orYe,anit.1 


Support  under  sicfe  of  end  plate  near  rotors  and  press  out  each  . 
rotor  shaft  ^  % 


.'Mark  each  gear  so  it  can  .be  replaced  on  shaf^  which  it  was 
removed  (Figure  2)  ^  ;     .  ' 


.NGURE  2 


Remove  rotars  from  housings'  ^ 

(NOTE:  When"  rotors  are  removed  fronn" housings,  inner /ages- ef^ 
roller  bearings  usually  remain  op  shafts.  Remove  them  carefully, 
avoiding  damage  to  shafts.)  .     ^    ^*  •   ^  •  . 
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29. 


Remove  screws  from  each  bearing  retainer  plate  on  gear  end  plate; 
remove  retainers  ■         '  ^ ' 

Press  bearings  out  of  gear  end  plate    '   '  ' 

\  . .  .     ,  »  f  .       t  . 

Remove  capscrews  from  plaiti  end  plate- 

'  Remove  end  plate  from  housfng  dowels  by  carefully  tapping  plate 
at  each  en,d  with  a  rubber  hammer  ' 

Drive  bearing  ou.teV  races  and  rollers  out  of  ei^  plate 

Remove  piston ^ring  seals  from  both  end^pf  jotor  shafts 


B.    Clean  and  inspeot  supertharger 


1. 


Discard  all  gaskets,  oil-seals,  recessed  washers.  Roller  bearings  and, 
ball  bearings  '  ' 


V 


3. 

4; 
5. 


Clean  all  fJ'drts'yvith  approved. cleaning  soliyeiit  and  dry  thoroughly 


Inspect  rotprs,  housing  and  end  places  for  .cracks,- abrasions,  wear 
spots:  and  build-up  of  foreign  material  and  smooth  all  worn  or 
.-^rough  spotb  with  -  fine"  emery*^  cloth      .  * 

Wash  clean  in  approved  solvent  and  dry  ' 

Discard -cracked,  broken  or  ^aiJi^ged  parts 


r  6. 


7.. 


JNOTE;- Rotprs  and  shafts  are  not  sepf^rable  ahd  fnust  be. replaced 
*as  a  matched  rptor  set. or  Ufiit.)  '  , 

InspecfBrive  coUpJ^^^^' 
-byshingsf  anrf.d 

Examine  hub  sqr.fife  unde^oiJ  seaL-and  rpplace_coup1ing  if  surfa^' 
is  grooved  or  seripu^ty  yvorn 


^r  \J^prp  pins;^^distorteql  Sif  displaced  jubtJeK^ 
^v-iir^JwQrn  intemaf^pjines*^*'/        \        ^^  ;^ 


8. 

10.. 
11. 


;he*cl^ear  fiTbn 


Check 
removed 


rotor-s+^.ts,  matching  gears  ^to'shaftVtro'mAA^hich^ 


Check-  gear  teeth  for  evidence  of  chatter  ^and  wear 


Replace  rotors  and  gears  i*f  gears  are  not  q  good  pre§s-fit  on  shafts 

Mount  gears  on  four-inch  centers  and  check  backlash  jbetween 
gears  _  :^         >   -  | 

(NOTE:  Compare  reading  with  manufacturer's  specifications.) 
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13. 


Mjount  drive  rotor  on  V-blocks  at  bearicwj  journals 

.  Set  up  dial  indicator  to  bear/on  ou>ttcJe  diameter  of  splines  at 
shaft  ends     ^      .         '     '  ,  ^  .  ^ 

"  (NOTE:  Check  manufacturer^  specifjcatipns  for  run  out'xeadings.) 

J  Inspect  all  dowels,  oiler  plungers,,  piston  ring  seals  and  gasket 
surfaces  and  replace' as  necessary  .        .         >  •  ' 

and  assemble  supercharger   "  '      •  ' 

Press  new  double-row  ball  biearings  Into  gear  end  plate' 
Position  bearing  retainers  and  secure  with  screws  and  lockwashers 

,  Install  piston  seal  rings  .on  rotor  shafts  . 

<^  ^ 

^Construct  oti  assembly  block  (Figure!  3) 

*      J*  ♦ 
{NOTE:  DxitI  holes  ^slightly  larger  than  shaft  diameter.) 

FIGUR€  3  * 


ERIC 


5.  ^  Position  ro'tors  on  block  with  plain  end*  of  shafts  in  holes;  gear  i 

end  up  .  * 

(CAUTtON:  Do  not  damage  shaft  seaf  rings.) 

6.  Move  block  of  wood  with  roto^  in  place  to  arbor  press  andjnstalj 
gear  end  plate  so  rotgr-  shafts  enter  proper  bearings 
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Press  bearings  ovei*  shafts  with  appropriate  mandrel  and  sleeve 

(CAUTION:  Make  certain  seal  rings  op  rotor  shafts  enter  encj  plate* 
without  damage.  See  Figure  4.)  •  ~* 


0 


Install  te^mporary  spacers  on  shaft  ends 

<        '  K  * 

Install  and  tighten  two  flnaft  locking  nuts  i 

(NOTE:  Some  superchargers  require  a  special  shaft  locking  WLencqS 
See  Figure  5) 


FIGURE  5 
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10.       Check  end  clearance  with  feeler  gauge  (Figure  6)  ^ 

(NOTE:  If  manufacturerV  specified  clearance  is  not  obtained, 
remove  locking  nuts  and  temporary  spacers;  'press  rotor  shafts 
,    from  bearings.) 


F+GURE  6 


*  11.       Add  or  rerncn 


12. 

13. 


remcA/e  shims  between  shaft^houlder  and  bearing  inner 
race  to  obtain  nfianufacturer's  specified  clearance 


Reassemble  parts  and  recheck  clearanci 


3 


.  V 


'Repeat  above  procedure,  if. necessary,  ufitij  proper  clearance  is 
obtained  ^       -  ^  « 


14.  Remove  two  locking  nuts  and  temporary  spacers  frcxm  rotor  shafts 

15.  '^Press  same  gear^on  drive  shaft  that  was  remoyed,  unless  new  gears 

are -used  »  ^  < 
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•Position  rotors  at  right^angles  to  each  other  with  the  timing  marks 
in  the  proper  position  and  press  other  gear  on  idler  rotor  'shaft 
(Figure  7),  '  ^         ^  , 

(tSfcGTE:  Xheo-otor  timing  marks  will  only  ep^sure  the  proper  valley 
to  lobe  relatlonsViip.  When  installing  gears,  th<e  rotors  rpust  be 
at  a  90'*,angl^  to  each  pther.  Disregard  timing  marks  on  gears.) 


FIGURE  7 


17.  '  RemoveArotor  and  end  plate'assembly  from  arbor  press 

18.  Separate  In/ier  r9ces  or  new  roller  bearings  and  drive  races  on 


pl?^^j^^e4a^  o^^otor,  shafts 


19..'  ^  As^rrjjije  "rotor,  end  plat^  and  gear  assembly  to  housing^  u^ing 
neyvLfi^sk^  -  ^      *    *  '      ^  ^ 


Install  socket  head  capscrews  with  new  copper  washers 


20. 

Ttghten  evenly  and  secuVely'ojsing  loc kwi re  W  secure 

22;       Position  plain,  end  .piate^  pnv  housing  .  /  '^^* 

\    (NOTE^j-  Engage  dowels  in  proper  holes  evenly,  asseipye.^»fJSCrfe|Vvs 
and  lockwashePs  and  tighten  on^lternate  sidgg.  e^fenly.l  , 

23.    *-^nstall  new  roller  bearing  outer  r^es  and  rollers  ovgr  Inner  races 
into  plain  end  ^late  bore  '  / 


(NOTE;  Make  cePtain  bearing  namje  is -t6 ward  outside;) 
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24,       Check  clearances  between  rofors  and  rotor  housing/  rotors  and 
plain  end  plate,  and  between  rators      ^  '  '  . 

(NOTE.:  Use  long  feeler  gauge  from  tool  kit  through  inlet  and 
outlet  ports  of  housing.    See  Figures  8  and- 9.) 


FIGURE  a 


.  FIGUR£-"9 


25.       Check  clearance  between  rotors  ; 

'   (NOTE:   If  cleaya^rrcfs  'cannot  be ,  obtained/disassemble  and. 
^  thoroughly  c\eck  all  parts/ AcJditionaP  shi'ms^  can  be  installed 
t^glweei;)  tfeaK  end  plate  and  hoDsing  to  obtai,rt  proper  clearance 
^     ;y  at  opposite  ends  o^f  rotors  and  plain  end  plate.  Jf  other  clearances 
'  tannpt  be  oljtalned/  replace  supercharger. K    ^       -  - 
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26.  /P6sition  new  recessed  washers  on  each  end  of  driven  motor  shaft 

and  install  -two  nuts  ^' 

^         (NOTE:  Hold  drive*  shaft  by  placing  a  clean  block  of  wood 
between  rotors.  Tang  on  inn^r  pgrt  of  washer  must  fit  into  key  way 
of  shaft.  Tighten  nuts  with^^pecial  spanner  and  stake  side  of 
;  washer  into  slot  of  nut  after  tightening.L     *"  ♦ 

27.  Assemble  nevy  gasket  to  plain  end  plate  and  install  end  plate  cover 

28.  Install  lockwashers  and  capscrews  and  tighten  ev^ly 

c  ' 

29.  '  Install  one  new  oil  seal  in  cover  bore 

I  (NOTE:  Sealing  lip?  should  be  in;  toward  rotors  and  flush  with 
housirTg.) 


30.  Press  generator  drive  coupling  on  shaft 

,^ 

(NOTE:  While  pressing  on  coupling,  always  rest  unit  on  opposite 
^en'd  of  shaft.)    ^  .  '         ,  ^ 

31.  »'    Install  generator  couplingjockwasher  and  locknut 

32.  Tighten  securely  and  lock 

'  »  -  « 

33.  Replace  oiler  plunger  and  spring  in  gear  cover 

* 

(NOTE:  Make  sure  small  oil  hole  is  clean  and  slots  in  plunger 
*    line  up  with  spring  retainer  fitting' or  cover  will  not  pull  up  to 
end  plate.)  '  .  . 

34.  Install  new  oil  'seal  flush  with  gear  cover  with  sealiflf^  lips  in  ^ 

35.  Assemble  cover  with  a  new  gasket  to  gear  end  plate  and  install 
lockwashers  and  capscrews  "  .         *  ^ 

•  -  "  :       ^  *  '  I 

36.  Tighten  oK^alternat^  side^  securely  ,       '         ,  / 

37.  Assemble  oiter  plunger,  spring  and  fitting  into  plain  end  bearing 
"   cover      .  *  ,  '  '  -T^  *  <  ' 

(NOTE:  Radius  on  end  of  pin  must  fit  radius  of  spacer.  Oil  hole  - 
•  must  be  i:lean  and  pin  must'work- freely.) 

38. ^     Replace  oil  drarp  hose  fitting  in  gear  end  cover   ^  ^ 
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JOB  .SHE^T  4f4 

-I  .    '         '  ' 

Support  entire  assembly  on  drive  Totor  sh^  at  plain  e/qd  and 
press  drive 'coupling  onto  splines  at  drive  end  • 

(NOTE:  Press  on  coupling  flange,,  not  pins.) 

Install  recessed  Washer  Sand  nut'to  drive  rotor  shaft,  threads 

Tighten  securely  with  special,  spanner—^  . 

Hold  shaft  from  turning  with  coupling  Hocking  wrench. 

Lock  washer  into  nut  slots  a^fter  tightening  ' 

After  superchargeris'  installed  to  engine/ add  one  quart  of  engine 
lubricating  oil  to  g^ar  end- plate  through  pipe  plug  hole- 


I 
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AIR.  INTAKE  AND  EXTIAUST ^SYSTEMS' 
*     UNIT  III 


'NAME 


TEST- 


Match  the  terms,  on  the  cight^to  the  correct  definitions. 

\    ^  :  •  \  ' 

^    •    a«  Unit  containing  ah  etement -.of -varying 
degrees  .of  fineness  to  .trap  foreign 
,  particles  '        ^      '  . 


_b.  Method  of  pushing  air  out  of  the 
cylinders  during  the  exhaust  stroke  on . 
two-cycle  enginefs    '       -        -  .  ^ 

_c.  Opening  in  a  cyclinder  bibck'of  liner  for 
intake  and/or  exhaust  air  orT  two-cycle 
engines  .  ^  ,^  » 

_d.  Device  for  sealing  the  intake and/or 
exhaust  ports  in  a  cylinder  head     ;  ^ 

__e.  Method  of  increasing  air  pressure  and 
velocity        -j^  ^  — 

\  ♦  \  ^ 

J.  Positive  displacement  blower  to  raise 
irttake.  air  above  atmospheric  pressure 

_g.  Exhaust-driven  turbine 'which  drives  a 
centrifugal  compressor 

Ji.,  Pipe  or  casting  with  multiple  6pehings^^ 
^to  connef:t  multiple  cylinders  "to  one 
outlet  o/4nl6t  - 

M.  Method  of  charging  cylinders: witjj  fresh^ 
air  above* atmospheric  pressure  on  the 
intake  stroke 

J.   Engine  whicH     not  supercharged 


1. 
2. 
3. 

5. 

6. 

7. 

,  8. 
•  9. 

10. 
11. 


Jet.  Device  to  colject  soiirie 'dint  from ^ air' 
-before  it  enters  the  main,  air  cleaner' 


I 


Scavenging 

Filter 

Blower 

Supercharging 

Turbochat^er 

Naturally 
aspirated 

Port  / 

Valve'/^ 

Roots  type 
blower 

Wan  if  old 

Precleaner 


-as 


Name  four  -parts*  of  ^n  air*  intake  system. 
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\ 


Distinghish  Between  port* scavenging  and  valVe  scavenging  fn  two^ycle  engines  . 
by  placing  an' "X^'  next  to  the  descrrption  of  port  scavenging.  ^ 


J.  •Air  enters  through  ports  in  the  cylinder  block  artd  gases  Ieav6  through 
valves  in  the  cylinder '  head  j 


>  I. 


b.  AFr  enters  and  gas  leaves  through  ports  in  the  cylinder  block  or  liner 
which  the  piston  ,uncover§ 

7.       Discuss -two  lvp.es  of  supercfiargers.  '  '      .  ' 


V 


'4^ 


«  » 


8,  .  ^  List -four  advantages  of  a  turbocharged  engine. 

'  b.  '     ;        -         ^'         '         ■■  _ 

/•  %  d.         '  ^     .  ,  7v_.     .  |h 

.  -9/    :  pbrronstrate  the  ability  to:  ^ "V  ^^ 


f    a.    .^^t^n  engine  for  air  flow  restrSptioo.  *  : 

.^•"-ffl^M^  b.     IfjjSpect  a  turbocharger  for  satisfactory^  operation.     •  ^  ^    •  . 

Remove,  disassemble,  service,. assernble,  efnd  rnstall  a* tui;|)pcharger.     '  ^  .  ^ 

:\v.'^^^ 'v.    -      ^  ^'    \.  '^^       A'  ,    "V'-^     ^*         .  -V^^^'/v^ 

u-^  ^     »■    d.  -Disassenible,  sen/ice,  repair'^and^assemble  a  supercharger.        *         ;  - 

*  (NOTE;  If  these*  activities  have  not  been  ^ccpmplished  prior  to  thetest,  ask  youV-  • 
M"^'  instrucfor- when  they  should  be conipleted.f:'  ^  ^    *  *      ^V*..  - 


AIR  INTAKE  .AND  EXHAUST  SYSTEMS 
'  .  UNIT 'III 


- 

a. 

.2 

b: 

"1 

7'  * 

c. 

•7-' 

d. 

8  • 

e. 

3  . 

9 

ANSWERS*  TO  TEST  - 

5    :      •  . 

h.  10 

i.  .  4 


/a 


J- 

k. 


6 
14 


*  X  ■ 


Any  four  of  the  following: 

a.  Precleaner,..air  deaner 

b.  Superchrarger  (if  used)  ' 

c.  Intake  manifold 

f 

d.  Piping  *     ,  . 

e.  Intake  valves  on.  ports 

Any  four  of  the  following: 

*     '/  *  '  ' 

a.  Ports  and/or  valves ' 

' ,  ^ 

b.  Exhaust  manifold       "    .      ^  , - 

c.  Piping  ;  '    •       •  ^ 

d.  Muffler   '    '  .      •  ^       -  v     .  , 

e.  Turbocharger  (jf  used)  ^ 
Discussion  should  include:  *  -      ^  ^• 

a.  Dry  element  type--Cteaning  is  done  by  replacing  element 

* 

b.  Viscous-impingement  type-deans  air  by  passing  it  through  a  maze  of  met^l 
wool,  wire,  op  screens  saturated^with  ^oil 

c.  Wet  type-ClQans  air  by  .directing  it  through  a  center  tube  into  the  inner 
oil  cup  where' directipn  of  air  fro\A^  is  reversed  causirjg  most  of  the  dirt 
to  become  trapped  by  the  oil  and  fettle  in  the  sump^' 


Discussion  should  include: 


ar    Crankcase  ♦      '  »  .  ^ 

r         .  -  ^  ^ 

1.  Ay-  enters  the  engine  through  the  crankcase 

2.  Each  downward  movement  of  the  piston  compresses  the  vapor 
'      vvithin  the  crankcase  until  the  intake  pdrt  or  valv^  opens 

3.  The  compressed  yapbr  escapes  into  the  cyiihder  at  a  pressure 
:       ^  nearly  equal  to  atmospheric  pressure"  '  ..   ..  '  

b.     Power  pfston 


\ 


1.  Uses  a  separate  pistdn  and  cylinder  driven  by  the  engine 
^    '  pjrankshaft  ^  * 

■  \  .      "  * 

2.  *  Pushes  the  vapor  into  the  cylinder  as  the  intake  valve  or  ports 

opens    .  *  . 


c.    -Blower,  -  ' 

1.  Uses  a  positive-dis|51acemeat  rotjry^  blower  driven'by  the^ngin.e 

2.  Confipresses  the  vapor  into  an  air  chamber  sLj/rourSiing  the  latake 
ports  '  .  r 

6.  b  *    *       '  -        ,  .  ^  \. 

7.  "      Discussion  should  include:         '  ,  * 

•J  * 

a.  Positive  displacement  /  *  . 

♦  .    '  ^   ^'  -        ^  * 

1.       Driven  by  a  ichain,  BSIt,  or  i^ar 

*  /■  _ 
^2.       Resembles  oil  pumps  in  design      •     '    -  • 

b.  Centrifugal        *  •    •  .   ^  , 

^  /        '  '  *       ^      ^     '  ^ 

1,       Driven  by  engine/ engme  exhaust,  or  separate  motor. 

'  2/     'In^eJIer  aormall/  mdves  thii:|y  times  engine  speeid   ^  - 

8.  ..Any  four  of  ^the  following:  ,  "-^^    *       ^  ^  '  * 
•     a.     Increases  ftor$ep6wer  output  of  a  given  displacement  engine 

b.  Reduces    weight   by  ^delivering  *  more*  hofsepower  '^per   pound*  than 
nonturbpcharged  engines  '  '  ^  -.^      ~~       ^  ^  * 

c.  '  Cost  of  a  turbpcharged  engine  is  less  on  a  dollar  per  horsepgwer,  basis 


9. 


IS 
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d.  Maintains  ^horsepower  at  higher*  altitudes 

e.  Reduces  exhaust  smoke  by  supplying  excess^  air  \o  reduce  exhaust  density 
Performance  skills  evaluated  to^the  satisfaction 'of  the  instructor/'  % 
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.  •  ,  ' 

-    .  '  J-       STARTING  SYSq^lVLS  ^  '    ,  ' 

K       -        -  '    -  .  -       --   -  yiMIT  IV       ^  ,  ,  '  '  . 

.   ^   '  .   '      'UNIT  OBJECTIVE.*  ,  ^   *  ' 

After  completion  of  this  unit,,  the  student  should^e  able  to  explain  the  variousrmethods 
used  to  start  diesel  engines  and  be  able  to  identify  th^oniponents  necessary  to  operate 
the  starting  systenf^.  This  knowledge  will  be  evidenced^  by  scoring  eighty-five  percent  on  > 
the  unit  test.-  ^  •  -  /       «  * 

,s  SPECIFrC  OBJECTIVES         ^-    '     —  , 

After  completion  of  this  unit,  the  student  should  bel  able  to:  ^  V 

i     •        1-       Match  terms  associated  with  starting  systems  to  tlie  correct  definiti 

2.  Name  four  major  types  of  starting  systems^^  \f  ' 

3.  Explain  three  sources  of  electricity  'that  may  be  used  in  electric  rnotor 


4.  V  List  two  ^oujrfcfes'of  compressed  air  for  ^ompr^ssed  air  starting  motors. 
B:  \ '  Discuss  how-  an  -engine  is  started  by  con^prSssed  air  admission.      '  /: 

.      .       r  .  ;'\_  °  -  ^  -r^^ 

f^conf]poT\ents      ^ri  air  admissionrstartin^  System.  ^ 

7.  ^  Dis^^  ,^^artj1|p^ystenis,  '  -    ^  .        ^  '  / 

8.  *    I d'enl^^^^^g^Jbnents  cl^.hydr^L^'tic'. staking  systeni,  - 
^9.       Name  four  .cWfcpo%ents  of /a^^irte  ^tjirti^  system /^  ** 

10.  .Name  three  components      ^^lectric^atj^ng  sy^erfi.'  y 

11.  TName  types*  of  low  temperature  starting  ^al^S;  "  ^'   ■  ; 


1/ 


STARTUP  SYSTEMS  / 
-  UNITiV  * 

e  f 

SUGGESTED  ACTIVITIES  * 

Instructor;  * 

A.  Provide  student  with  objective  sheet^ 

B.  Provide  student  with  information  sheet,^ 
"C.    Make  transparencies. 

*  V 

D,    Dlscuss\ifiit  and  specific*  objectives. 

Discuss  information'  sheet.  •  . 

F.  Locate  an  engme.which  uses  compressed  air  for  starting *#id  demonstrate 
the  starting  procedures.- 

G.  Give  test,  i  •  *  ,  - 
Student:                                 .  ' 

A.  •  Read  objective  §heet.  ^  ^' 

B.  Study  information  sheet.        '  f  .  ' 


C.    Take  test. 


INpRUCTlbNAL  MATER4ALS 


Included  in  this  unit:  ^  ^ 

A.  *  Objective  sheet-     ♦  ,  ^ 

B.  Information  sheet         ,  »  ^ 

C.  Transparency  masters  " 

•  ™  1-Comp'onent%  of  Air  Admissiop  Starting  System 

2.  '   TM  2-Air  Starting  Systems 

>  •  ... 

3,  TM  3-Compressed  Air  Starting  Motors 

4'      TM  4,-pomppnents,  of^Hydrai^ic  Starting  System 

5-  .    TM  5-Startf^g  Aids 

'  ^^'i        .    •  -    '      ....  ^ 
6.    *  vTM  6-:Starting  Aidr  (Continued)      *   v.  . 
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/ 


>      D.  Test 

E.  Answers-  to  .test 
\\.  References: 


A. ,  Toboldt,  Bill.  Diesel: -Fundamentals,  'Service,  Repair.  South  Holland,Jllino1sf. 
Goodheart-Willcox  Company,  197^.      '  *  -  ' 

.    ■  .  '  — .     ..        •  " 

vB.    J^ates,  "Edgar  J./ and  Luck,  William  E.  Diesel  and  High  Compression  Gas 
^Engines.  Chicago:  American  Technical  SocPety,  1974. 


•/C 
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STARTING  SYSTEMS 
4:        '     "  UNIT  IV 


INFORMATION  SHEET 


I. '  Terms  and  definitions  *  ,  ' 

A.  Accumulator-A  device  used,  to  store  hydraulic  energy  ,  ^ 

B.  Pinion-Gear  with  a  small  number  of  teeth  designed  to  mesh  with  a  larger 

'  C.     Inertia-Tendency^  of 'mass  in  motion  to  remain  jn -motion,  onif  at  rest 
to  .remain  'at  rest  ^ , 


'D.  Compound-Ofial,  two  systems  • 
£.    Plenum-Enclosed  sf>ace  ' 


s 


II.    Types  oT  starting  ^systems  ^ 
/  •    A.    Hydraulic'^Stanking  motors 

B>    Eiectric  motors  "  ; 
.     .C.    Gasoline  engines  ^ 

-      D'.v  Compressed  5ir:::crankinp  systerns  ^ 

III.    Sources  of  ^electricity  for  electric  motor  starting 

A.    Twelve,  twenty-fouf  or  thirty-two  volt^storage. batteries  driving  an  electric 
*  ,       starting  motor  ^         ^  ' 

,B.  •  Sixty-four  or  one  hundred  ten  volt  storage  batteries  driving  the  main 
"generator  a?  a  star|ting  motof 

(NOTE:  Diesel-plectric  locomotives  use  this  system.) 

>  "C.    Main  switchboard  in  a_st^ionary  power  plant  where  the  switchboard  is 
always  energized  *  ^ 


IV.    Sources  of  compressed  air  for  Compressed  arr  starting  motors  • 


*  A.    Separate  engine  and*  compressor  -  ; 

'  .       ^_  -  -     .  - 

B.    Air 'br^ke; compressor  oi^highway  diese^  tractors 

; :  ;  (NOTE:  ftter^air  sti^ing  motor,  produces  more  torque  to  turn  an  engine  over^ 
rvfe   t^an  an  electric  starter  motor.)  ^      ^  '  ^  ' 


INfORMATION  SHEET  '      -  ^ 

V.    Starting  an  engine  by  compressed  ^ir  adnrtissron  ^ 

A.  Air  compressed  in  storage  tanks       '  '  Is 

B.  Compressed  air  is 'admitted  through'an  automatic^tarting  valve  in  engine 
cylinder  head  when  the  piston  is  at  top  center  at  start  of  the-power  stroke. 

6.    Starting  valve  opening  is  timed  by  cams^on  the  camshaft       ^  - 

^  .(NOTE:  Usual  starting  air  pressures  range  from  250  to*  350  pounds  per 
jsquare  inch.) 


/ 


VI.    Components  of  aii^'adrDission  starting- systeon  (Transparency  1) 

A.  Pressure  relief  valve 

B.  Pressure  gauges         r"  -     .  ^ 
^    *  C.     Air.  tanks 

D.  '  Blow-off  valves 
e'.     Drain/  valves  . 


F.    Shut-off  valves 


<  % 


G.  Engine  driven  air  compressor* 

H.  Motor  driven  air  compressor 

VI K    Air  starting  systdnrriH^'ransparencies  2  and  3)  - 

.  A.    Air  admission  starting  system-Compressed  air  admitted  to  engine  cylinders 
•  /  to  crank  engine  '  "  ^ 

B.    Air  motor  starting  system-Compressed  air  turns  motor  which  engages 
flywheel,  throuoh  a  bendix  drive       '  /  '         '\  ^ 

VJII.    Components  of^a  hydraulic  starting  system  (Transparency  4) 

A.  Reservoir' 

B.  ^Engine  ■  driven^  hydraufjc 'pump  * 


C.    Hand  punr^ 
6.  .  Presstire  gayge 
E.  Accumulator 


62S  ■ 
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'information  sheet 


.  F.    Pressure  lines 
^    •  /  ^ 

^  Star'ter  assembly  »  *  - 

IX.  Components  of  gasoline  starting  system 
.A.    Gasolin^  engine 

Clutch- 
b.    Gear  box 
,  ^    D.    Drive  pinion 

X.  Components  of  electric  starting  system 
A.    Lead  acid  storage  batteries  * 

*  B.     Electric ^rariking  motor    *  * 
'C.    Starter  jswltches  ^ ' 
XI.    Starting^ids  (Transparencies  5  and  6) 

A,  Special  starting  fluids - 

B.  Heatirig.  coolant 

^  C.^^JHe^ing  lubricating  oil  '  . 

D.  '  Air  heating  engine 

E.  ;  Heating  intake  air 


F. ;  Glow  plug 


G. 


Heating  starting  battery 


m 


(NOTE;.  Aids  may  be  used  singly  or  in  combina'tW.jf'jv 


ERIC 


em 


*  ♦ 


7-  Engine.  Driven  Air  Compressor 

8-  1Vlotor  Driven  Air.  Compressor 

9-  Engine 


Air  Adm  issi^rt  Starting  System 


1^  V 


-ft 


O 


Air  Tanks' 


Motor  Driven  /  ^Engine  Driven 
"  Air  Compressor  Air  Compressor 


I -erJc 


Air  Tank 


Starter  fiiitton 


Aiitonf^HpLtiBricator 


.ChedR  .Val#" 
^.Air  Starter 


r  Muffler 
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Compressed  Air  Starting  Motors 


\ 


^7    -  ► 


Highway  Tractor  Air  Motor 
and  Transmission  Starter  System  - 

Drive  Housing 


Bearing 

y  Supported 

Alaminum 
Rotor  . 


SAE  J\lb:  3 


Qoubie 

'Bow 


Positive 


Needle  Bearing 
Supports 

Orive    Bendix  Driye 

Heavy  Duty^  Double  Rovi/ 
Gears 


\ 


Air  Starter  Motor 

.  Wet 


Air  Plenum 


Bal(  Bearing 

Positive  Bl.ade 
;Displacemeht  • 
prevents  Freeze-Up 


Motor 
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ixhaust- 


ERIC  . 
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K 


Hydrautic  Starting  System. 


.  Drain 

'  ■■  '    -  Fitter 
Supply  to  Pumps 

Tach  Drive 


Starter  Assembly: 


Engine  Driven  . 
Hydraulic  Pump 


Accumulator 


V  ♦ 


I-ERIC 


Ether  Cppsule  Primer 


Slartin 


Cofihector  Pin 


Removable 
Cap 


Washer 


Discharge  CeirMounted 
3/16  in.  O.D.  Tubing  at  Operator  Station 


Discharge  Nozzle 
'  InstallediBt  '  ' 
.  Forward  End  of 
In|ake  Manifold  *^ 


Discharge  , 
Lever 


Aids 


Aerosol  Can  of  Ether 


PHER 


Ele^ncally  Heated 


.  \ 


ERIC 
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(Continued) 


Starting  Fluid  Cylinder 


'^iiiiinniii !: 

jr  j 
1 

Typical  Glow  Plug 


Actiiator  Cable 


"  Metering  Valve 
Valve  Lever 


•  ^  i 

STARTING  SYSTEMS 
*  UNIT  IV 


TEST; 


«NAME'  • 
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,  1.   ^  '  Match terms  on  thef  rfght  ,to  the 'correct  definitions. 

•  V  a!  A  device  used  to  store  hydfauUp.  enei'gy        1.  *•  '  Inertfa 


Jf:  Gear  .with  ^a*  sm^H  number  of  'teeth 
designed  ^to  mesK  with  a  larger  gear 

c.  Tendency  of  n^ass  in  motion  to  remain 
ill,  motion,, or  if  at  rest  to.  renpain  at  rest 

d.  Du3^,  two -systems  '    •        '  \ 

e.  Enclosed  space 


Narpe^  fdur, major  types  of  starting  systems. ' 
a. 

{ 

« 


2. 
3. 
4. 


Compound  ^ '  .  * 
Accumulator    \^y*>ji^J;  . * 


Plenum 


5,.  Piry,on 


9  * 


d. 


V 


3/*  /  Explain  three  sources  of  electricity  that  may  be  used  in  electric  motor  starting. 
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3*- 


List  tw^' Sources  of  compressed  air  for  compressed  air  starting  motors. 
\ 


b. 


'Discuss  how  an^:;^gine  is  started  by  coTnpressed  air  ddmissioh.     '  V 


1  ^  '  ^^9fifi- 


Dorter 


Name  five  comporonts  of  an  air  admissipn'  starting  systemr. 


/ 


d. 


\ 


Discuss  air  starting  systems,  r 
a,     Aif  admission  starting  system- 


b.    Air  motor  starting  syst6m- 


9. 


/  '      ■  ■  -  ,.  ' 

Name,  four 'components  of  a  gasoline  starting  systef 


a. 
b. 
c. 
d. 


10.       Name  three  components  of  an  electric  starting- system. '  ^ 

a.-  /  - 

_ .  b.' 


11. 


Name  four  types  of  low,jfT^erature  starting  aids. 


a. 

b. 


c. 


/ 
/ 


IerJc 
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.STARTING  'SYSTEMS 
.  UNIT  IV'  * 


ANSWERS  TO  TEST 


a.  3 
lb.  •  5 

c.  .  1 

d.  2. 

e.  4 


Kydraulic  cranking  motors 


b.  EJectric  motors       .  .    -  .  '  ^ 

c.  Gasoline  engines      ,  ;  ' 

d.  .Compressed  air,  cranking  systems'*  ^  ^ 

Explanation  should  in?j4jde:  .       !  '  *  -  ^  J 


ar    Twelve^twenty•fou^,-or  thirty-two '"volt  storage  batteries  driv/ing  an  electric 
starting  rnotor  ^  *  ^  .      ■  ^ 

'      Vv:/       ^     :       '  ^  \ 

b.  -Sixty-four  or^one  hfiridred 't^n  volt  storage  •batteries  driving,  the  nriain 

generator  .as  a  starting  mbtor,r  *'  ^  ' 

c.  lyiain  sv\/itchboard  in  a  stationary  power  plant  Where  the  si^chboard  is 
always  energized  .  .  "  ' "  *  . 

a.    "Sepharate  engine  and  compressor  - 


b.     Air'  brake  compressor  on  highway  diesel  ^tractors  _  ^\ 

Discussion*  shoM,l(;j^"^iude: 

\  •  , 

•,Air  oompressedJn  sto 

b.  Compressed  air  is' admitted  through  an  automatic  starting  valve  in  engine 
cylind^head  when  the  pistonJs  at  top  center  at  start  of  the  power,  stroke' 

c.  Starting  valv^  opening  is  timed      jdajms^on  t|j.e  cannshaft      '  *' 


^1    .  rr 

a.  ',Air  dompressed.  in  storage  tanks'  .  .  ' 


Any.  five  of  Jhe  following: 
a.     Pressure  relief  valve 

-    b.    Pressure  gauges  ~ 

♦  • 

♦    c.  ^Air  tajiks  /      .  - 

'd,.    Blow-off  valves 
]  e.     Drain  valves  '  ;^ 

I  f.  ,    SfiLrt^ff  valves  ^  ^ 

g.  Engmp  driven  air  compressbr 
vji.^    Motor  driven*  air  compressor 

Discussion  should  include:  ^  '       - ' 

a.  Air  admission  starting  system-Compressed  air  admitted  to  engine  cylinders 
to  crank  engipe  -  r  *     ."^-i  .    *  . 

b,  "  Air  motor  starting  system-Compressed  air  tucns  motor' which  engages 

flywheel  through  a^bendix  drive 

a.  Reservoir  .  .  ^  ^ 

i?  c 

b.  Engine-driven  hydraulic  pump  * 
Hand  pump^        *       ^  [   ^  .  -  — 


d.    Pressure  gauge 


e.-;  Accumulator 


f.  Pressure  lines 

g.  -    Starter  assembjy 
♦  a,  J  Gasoline  engine 

Clutch    ' .  , 
c/    G§ar  box 
d.     Drive  pinion 
a.     Lead  acid  storage  batteries  - 


11. 


b.  Electric  cranking  motor. 

c.  Starter  switches 

Any  four  of  the  following: 


a. 
b. 
c. 
d. 
e. 
f. 

> 

g. 


Special  starting  fluids 
Heating  coolant  ^ 
Heating  lubricating  oil- 
Air  heating  engine 
Heating  intake  air  ^ 
Glow  plug 

Heating  starting  battery 


•  5 


) 
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FUEL  SYSTEM  COMPONENTS 
UNIT  V 


■    UNIT.  'OBJECTIVE  >>  , 


After  ^completion  of  this  unit,  the  student  should  be  abre^Pnanrie  tij^jriajor  parts  of 
a. .fuel  system  and  match 'thp  parts  to  their rfunctbrts.  Th^/ student  s^utti  also  be  abje^  • 
to  select  major  furictions  of  the  fuel  injection  systemland*  explain  the 'operation  of  ttje 
jerk  pump  method  of  injecting  TueL  This  knowledge  wiH  i^^idenced  bV  scoring  eighty-five 
percent  on  the  unit  test.  '  ^ 


'  SPECIFIC  CfBJECtlVES  • 


1 


After  coippletion  of  this  unit,  the  student  should  be  able  to: 


7  ^  ^ 


1.  ,  -Match  terms  associated  with  the  fuel  system  to  the  cpr>^t  d^^iniitiohs. 

2.  «    -Na^me  five  inajor  parts  of  a  fuel  system.  .  \ 

'  Match  the  parts  of, the  fuel  systenrf  to  their  functions.-  i  * 

'^^'./^^    4..'     Select. 4naj0r  functions  of  tt»e- fuel  injectign  system.  .  '  \ 
_  '  ^        *  ^  -     l."  5i       Nam^  three  fuel  taiit^lriaintenance  problems.  ,  ' 

.Ojscu5s^iix:^pr^ssure;;te^^  ,   ^  * 

List  thet^precat^ipns  to  fake-before  soldering  pr  welding  a  fuisl  tank.    ^  ' 


7n 


t  4 


8,  MatQh  the'.type«*of  fuel  lines  to 'their -purposes.  -      .  * 

9.  Explain  the^ ^purpose  of  the  fuel  ^transfer  pump.      '  ^ 

-  ft       ■   li*     '  '  *  -  5 

10.  .  Name  three  types  "of  filters  used^at  the  stagesof  fuel  filtration  on  a  typical  • 

diesel  fuel  system.    ^  ^        '  c       ,  'r  o 

11.  '  ^  Distinguish  between  the  operation  of  *the  series  ■Aid  parallel  dual  filters. 

12.  '  Nafne  three  major  types  of  injection  systems '  * 
13:'  Explain  the  operation  of  the  j^rk  ptimp  system. 


14. 


Ust  four  methods:b|^  irijecting.fuel  using. the  pump  and  injection  nozzle. 
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FUEL  SYSTEM  COMPONEN-TS 
UNIT  I 

SUGGESTED  'ACTIVITIES 


D-(^3-E/ 


Instructor:        •  . 

,.    '  .         «  •  , 

A. ^   Provide  student  vyith  objective  sheet. 

B.  Provide  student  with  information  sheel^ 

C.  ;  Makp  transparencies.  •  * 

D.  Discuss-  unit  and  specific.  objettHves. 

E.  Discuss  inforftiatioh  shept. 


F.    Have  student^' examine  the  difference  in"  construction  among  fuel  lines. 


G.    Give  «test. 
11/  Student:  *^        ^  • 

A.,   R^d  objective  sheet.  . 
y         Study  information  sheet. 
C.    Jake  test. 


^  ,  INSjpUCTIONAL/MATERI^^^^ 


Included  in  this  limt: 

A.  Objective  sheet*      '       _         T  - 

B.  Information  'Sheet  * 
0.    Transparency  ^masters 

1."  •    TM  1--Fuei^  System  Cbmponents 
•_2.       Tiyi  2-Types  of  Fuef  Lines  - 
'  "  TM^3--Stages  of  ,Fuej,  Fi^jfratjbil 
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4-E 


U. 


i   ; ..  -  ,      .    ,  -    '      -.  .'  * 

•  4..      TM  4-Series  Dual  Fuel  Filters 
5.      'TM'5--Jerk  Pump' and  Injection 
p.    Test  ^  .  • 

E.  .  Answers  to  test 
References:  ,    *  , 

A.    Fundamental^  of  Service:  Engines.  Moline 


Nozzle  Combinations 


r 


lllinoft:  Deere  and^  Company, 


\ 


B.  Kates,  Edgar  J.,  and  Luck,  William  E.  Diesel  and  High  Compressipn  Gas 
Engines.  3rd'ed.  Chicago:  American  Technical  Society,  1972. 

C.  Detroit  Diesel  Allison:  Service  ^iMaauai.  Detroit,  Michigan:  Division  of 
General  Motors  dorp.,  1974,     •  . 


r 
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FUEL  SYSTEM  COMPONENTS 
UNIT  I 

INFORMATION  SHEET  " 


■y 


Terms  and  definitions 
'  A>  Atoraize--Break  d'own  into,  small  particles 
B.    Fuel  f)ump -Pressure. deveiQiJing.iin it  which  supplie^^  fuel  to  the  injector 
-C.    Injection  nozzle -Device  to,  distribute  fuel  in.  the  corpbustion  charpber 
D.    Unit  injector -Pump  and  fuel  injection  nozzle  combined  into  on^nit 

.   -  ~      ^  f  ,  » 

Major  parts  of  the  fuel  system  ^ 

«» 

A.    Fuel  tank  •         '  "  -       .      ^  " 


•c 


B,     Fuel  transfer  pump 
'C,     F.u'el  filters.  .       .  - 

D.    Fuel  injection  pump  *  * 

.'E.  •  Fuel  injection  nozzle  , 
.  Functions 'Of  fuel  system  p^|ts  (Transparency  1) 


A,    Fuel  tank-Stores  fi^l 


^B.     Fuel  transfer.  p^mp--Supplies  f-uel  thfjj>jugh  filters  to  injection  pump  at  low 
pressufe     *  »  .  ^ 

C/   Fdel  filter-Cleans  the' fuel  *  .  * 

D.  Tue|  .fnjectiog,  pump^-Times,  measures,  and  delivers  fuel  under  pressure  to 
injection  nozzles*  '  »   '  *  ^ 

E.  f   Fu5f  injection  nozzle -Atomizes  arid  sprays' fuel'  iQlo' combustion  chamber 

*  * 

Major  functions  o^^  the  fuel  injection-.^system  /  . 

A.  Supplies  the  correct  g^antfty  of  fuel  . 

B.  Times,  the  fuel  delivery  * 

C.  Controls  the  delivery  rate 


D.    Atomizes  the  fuel- 

Distributes  fuel  evenly  throughout  the  combustion '  chamber 


V*    Fuel  tank  lYiaint^nca  problems 


'a.  Uelks 


B.  Condensation        -  '  , 

C.  Dirt  '  )^ 

7  . 

VI.    Air  pressure  testing  of  a  fuel  tank  for  leaks 


A.  Plug,  filler  neck  and  attach  air^se  to  fuel^utlet 

B.  Submerge  in  cl^an  water  and  apply  approximately  three  pounds  'of  ai^r 
pressure       ,  ^ 

.     "         Draw  a  ring  around  each  spot  where  bubbles  appeal         •  ^; 

VII.    Preca'ations  before  soldering  or.  welding  •  ^  '     ^      '  .  ' 

A.  Soldeririq-lron  should  not  be  red  hot 

/  1  ^ 

B.  Welding  '     '  '  • 

O    ■  r.  ~.  - 

1.  Plug  tank  outlet  and  fill  with  water 

2.  Leave  filler  cap  off  to  allow  for  expansior^ 

VIII:    Types  of  fuel  lines  and  purposes  (Transparency  2)  - 

A.  Heavy  weight  (high  pressure^-Transfers  fuel^tween  injection  pump  aod 
injector  ■  ■  '    •  • 

B.  Medium  weight  {low  pressurel-Transfers  .fuel  between  tank  and  injection 
pump  «  •  . 

,  "       '  ^  w  

■  C.  .Light  weight  (no  pressurej-Trah^fers  leak-pff  fuCJrom  injectors  to  tank 
.   \r  pump  X'  ^  '  ♦ 

IX.    PurpoJe  of  fuel  transfer  pump 

-  A.  '^Draws  fuel  from  supply  tank  through  fuel  filters- 

B.    Forces  fuel  urWer  low  pressure  through  injection  pump 
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INFORMATION  SHEET  ^ 

Stages^of  filtration  (Transparency  3) 

*  ^  T,  *'  ' 

A.  First  stage-Filter  screen  atjank  orl  transfer  pump 

■<» ' 

B.  Second  stage-Primary  filter  ^  ,  \ 

C.  Tj^\rd  stage-Secondary  filter  - 

.Operarf^of  dual  filters  "(Transparency  4)    ^  .      '  .  « 

A.  Series-All  fuel  flows  through  one  filter  before  flowing  through /the  other. 

B.  Parallel-Par;  of  the  .fuel  goes  through^ch  filter 
Major  types  of  injection  systems 

A.  ,  Common,  rail  system  -         *  " 

i[NOTE:  The  tommon  rail  system  is  not  suitable  for  high  speed,  small-bore 
engines  because  jt  is  difficult  to-<:.ontrol  the  small  quantities.of  fuel  injected' 
into  the  cylinder  at  each  stroke.) 

B.  Accumulator  system  .       '     *  ' 

'  (NOTE":  The  quantity  of  fuel  injected  per  stroke  can  be  varied  in  the 
aocumulator  system.)        \  '  - 

C.  >Jerk  pump  system  ■  ■  . 

(NOTE:  Almost  all  modern  diesel  systems  are  of  this  type;  therefore,  type  * 
A  and  type  B  are  not  discussed  in  this  unit.) 

Operation  of  jerk  pUmp  system-Operates  on  the  plunger  and  ^cam  principf,, 
whereby  the  pump  ftself  raises  pressure,  meters  the  charge,  andtimes  the  injection" 

PuWip  3nd  injection  noz^lemethodS  for  injecting  fuel  (Transparency  5)^  ' 

A.    Individual  pump  and  injection  nozzle-^for  each  .aylinder 

i      :       •  ■ 
(NOTE:  Some  engine  and/or  pump^anufacturers  who  use  this  system  are 


.American  Bosch,  Robert  Bosch,' 'and  C-A-V.-SIMS 


B.     Combined  pump  and  injectK)n  nozzle  for  eacJf^CylinderMunit^njecton^^^ 

(NOTE:  Some  engine  and/or  pump  manufacturers  ^hcf^mkt^\s^^^ 
General  Motors  Corp,  ^nd  Cummins  Engine  Gompany;)^^^./ 


INIFORMATION  SHEET/^ 

V*.  ^  «  > 

Pumps  in  common  housing,  injection^ nozzle  for  each  cylinder  (in-line  type) 

(NOTf:  Some  en^e  end/or  pump  manufacturers^^ho  use  this  systerp  are 
Robert  Bosch,  models  P.EiV!^.  and  R.E,S.,  .American  B.9sch:  Model  (K^.^T 
C. A. V.  Sims,  Caterpillar.)  .      •  ' 

One  pump  serving  injection  nozzles  for  several  cylinders  (distributor  type) 

(NOTE:  Some  engine  and/or  pump  manuf/acturers  who  use  this  ^y stem jire; 
Roosa  Master  Models  D,  DB,  DC,  ,CB,  apd  DM;  American  Bosch  'IVlo'dte|s 
PS.B.,  P.SJ.,  and  100  Series;  Robert  BBsch  Model  EP/V.A;  C.A.V.-D,PX) 


\ 
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;Fuel  System  Components 


Injection  Nozzles 


lomiustion'  ( 
Chamber 


..^i-^  ....  .  . 


Types  of  Fuel  Lines 


Nozzle  Leak-Off  Lines^^ 


•  •  •  *  «  i 


Fuel  Return 
Line 


<  ■ 


fueJ 
Injection 
Lines 


Fuel  Supply  Line 


Lovy  Pr^sure 


Very  High  Pressure 

\   FueLLines  in  a  Diesel  Fuel  System 


Pressure 


ERjc:v 


t 

r 


A  1 
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Stages  of  Fuel  Filtfation 


FHtej;  Scre^' 


Secondary  Filter 


Primary  filter 
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Fuel  Outllh- 


Paper  Element- 
S|icon?Stage 


Fuel'lnlet 


Cotton  Strihg 
Element-  . 
first  Stage 


Screen 
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Individual 
Pumps 


I  ^   

Jerk  Piiinp  and  InjectioiY 
Nozzle  Combinations 


Pumps 
in  Common 
Housing , 


individual 
Injectors 


Pump  and  Injector-Each  Cylinder 


Individual  - 
Injectors 


In-Une  Type 


Distributor 
Type 


V  V;:;V 

Unit  Injector  Type 


.  Combined 
Punnp-lnjeetor 


Distributor 
Pump  . 


Individual  Injectors 


>5?t  '1 
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FUEL  S.YStE.iyi  COMPONENTS- 
.•:  ""'      '  UNIT'I 


TEST 


Match  the^'terms  on  the  riight  to  the  correct  definition's. 


 a.  Break  down  into  small  .particles 

 b.  Device    to    aistribCite  *fcdl    in  the' 

,  *  *  Gdnibustron  chanr>bfer 
•  * 

 c.  Pre^ssure  developing  unit  which  supplies 

^  fuel  to^he  injector  ^ 


J.  'Pun)p 


p    and     fuel  .injection  nozzle 


^  combined  ihto^one^linit 

'  '   '  '  -    ' ■  -] 

Name».five  major' parts  of  a 'fjiel 


1. 

2.. 

3. 

4/ 


Injection  ^  ^ 
nozzle  ^  ^ 

'Fuel  pump 

Unit  jnjectop 


<9 


Atomize 


system. 


a. 


d;  , 


.  Match  the  p#ts  of  the  fuel  system  on  the  right  to  their  .functions. 


a.  Stores  fuel 


1. 


Fuel  transfer 
pump 


Fuel  inj^ti(3h. 


^  '    b.  Supplies  fuel  through  filters  to  injection 

*  pump  at  low  pressure"  .  2.  ' 
y    '  .      'U;  •        .      '                         ^.  nozzle  ^ 

y_  c'  Cl^ns  ,the  fuef  -  ' 

^  ^"       "  •/  />?-^  fuel  tank 

'      '   d."  Times^  me^sure^,  ancl  delivers  fuel  under  -'^      *    -   ^    *  v 

j'  >  4.". '  TfuIi  filter  * 


pressure  to  injection  nozzles 


_e.  rA^omi2es     and'    spfays '  fuef^   fnt6       5s -'^  ^Fuel Jnjection  ^ 
/combustion  charhber  ^  _        /-  •  *  ^  Pl^^^ip 


Select  th^  major  fupctions»  pf  the  fuel,  injection- sykem  by  placing  an  "X!" 
■the  appropriate  thanks.*,  '  '  n     -  .  .f/ 

 a.  Transfers  fuel. from  supply  tank  tonnjector  pump' 

 b.  Times  the  fuel  delivery  ^  •    /  y 


 c*.  Atomizes  the  fuel         I  ^  '  - 

^  dj/  StoreV  exc^s  fuel  '  .  -  : 

«  ft 

J  e.  Creates  a* cooling  effect^on"  the  fuel       /^"^"'^^  /. 

f.  Supplies -the  correct  quantity  of  fuel  -     ^  '  "  . 

g/  Controls'  the  delivery  rate^  ^      '*  • 

^  h.  Distributes  fuel  evenly  throughout  ,the  combustion  chamber , 

 ^i.   Delivers  the  fuel  through  low  pressure  f6eriiries 

'  Nan^  three  fuel  tank  maintenanpe  prot^lems.  ^  '  •  - 

a.  /     ^  •    .  .  ■  '        .  •    •  •■ 

P-  ■  ...  " 

*  •»  •  '#  • 

•        *  ^  ,        w.  "  V  ,         •         *-*  •  '  V  ' 

Discuss  air*  pressure  testing  of.  ^  fUel  tank  for'' leaks. 

J  .    "  •  *  • 

List  the  precautions  to  take  before  soldenrrg  br  welding  aNfuel  tank. 

s    >  ^    ^  .  .       '     .  f.  ^^^^  . 

a.  Soldering  ^  .    •        *      ^   ^  ^ 

b.  Welding      .  ^   -    '  ^ 
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10. 


Match  the  types  of. fuel  lipe*  on.the  right  ta  their, purposes. 

'  >  a--  Transfers/fuel^  between  "injection  ptTrhp  '  -  i.  Medium  weight 
y  '       arid  injector     »         *       .  •     •  '  *       ^      >  ^ 


_bl  Tr^n^ifs   -'fuel    .faetyVeen,  tanK  -and 
'  injecltidp  pump  .      ^z^"  '  ; 

'*     '  /     )•'..*     ,  ■*  t 

_c.  Transfers Meak-of/ fuel  from 'injectors  to* 


9.     ,  Explain.. the "purposre-  of  the. fuel' transfers parnp.-. 


(low  pressure) 

2.    ;Light  weight 
'(no  p^essure) 

.3i     Heavy  "vv,eight'' 
.  '  '{^igh  pressun&) 


Name  thrde^ty^  filterj^  used  tlie  stagesxof  fuel  :frftration  oVa  tvpical 
di^'se!  fuel  ^systern.  '  '  \  ,    •  '         '^z  -     '  . 


a.  jFirst  stage-  • 

b.  ^  Second  stage- 

c.  ''Third  stage  -  ; 


4^/ 


1 .      •  Distihguish  between  the  •operati9fl  of;the  s^rierand<pValJeljtu^l  filters  by  placing 
an  "X",next  to  the  clescription>of  th^n'pWafteL  daal.'filter.  >  ^ 

.  Part  of  the  fuel  goes  through  each  filter  ^    ^  '      ^  "  . 

^11  fuel  goes  thrgugh  one.  filter  •before'  |^ingp;tKrougli.*tbe  ^^er  '   -  v 


12.     '  N^me  three  maior 'types  of 'injeation  system's.     i  ^ 


c. 


13.    ^  Explain  the  oderation  pf- the. j[erK- pump  system. 
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FL/EL  SYSTEM  COMPONENTS 
UNIT  I 


ANSWERS  TO  TEST 


1.,  a. 


.2. 


3. 


c. 

d.' 

a. 


1 

2 
3 

Fuel  tank 


b.  Fuel  transfer  pump 

c'.  fue\  filters 

d,  .  Fuel  injection  pump 

e,  Fuel  injeqtion  nozzle 
a.  '  3  '  -  ' 


ft  -1 
c. 

Vd. 


4 
5 
2 


>6 


"5.       a.    'Leaks  '  '  ;■•  , 

b.     Condegsation     '    *  .  > 

'  G.  •  Di^t      *  \  J 

6.    ^  Discussion  should  include:  '  . 

^      a.     Plug' filler  neck  and  attach  air  hose,  to^fuel  outlet 


b.  .  Submerge  in  Qleah  water  ^d 'apply  approximately  three  pounds  of  air 
•  pressure  ^   '  .       "  •  ' 

»'  .  c;  .   Draw,  a  ring  around  ^ch  spot  where '  buBbles  appeaV  '  * 
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eu     Solde'nng  -lron 'should  not  be  red  hot 
Welding*  *    .        ,  w  '   I  »  , 

9 

'     1)      .Plug  tank' outlet  arid  fHI  with  vySter  - 
2J       Leave  filler  cap/0ff  to/alf6w  for  expansion 

« '   "  A 

a.     3      •      '         —     ^  •  \    ^  • 

Explanation  should  include: 

a.  Draws  fuel  from  supply'' tan kvthrough  fuel  filters 

b.  Fofces  fuel  under;  low  pressure  through  injection  pump 

a.  First  ^age-^Filter  screen;  at  tank  or^ transfer  puYnp  ■ 

b.  Second  stage-Primary  filter'  e    _    *      /  . 

t/  ^  Third  stage-Secondary  fitter        —  ^"  .  ' 


a*     Common  rail  sysjtem 

b.  Accumulator  system 

c.  •   Jerl^  pump,  system 


Explanation  should  Incjude-Dperates  on;rhe  plunger  and  cam  principle  whereby 
the  purhp  itself  raises  pressure,  metefs  the  charge,  and  tirges  the  iifijection  •  , 

a*    Individuaf  pump  and  injection  nozzfe  for'each  cylintler  \ 

■  •        -      '  '  . 

t)>    Combined  pump  and  injecjion  nozzle  for,  ea^/pylindeii  (unit  infector  type)     ,  / 


JO,  ^Pumps^in  common  housing',  injection  nozzle  for  each  cylinder  {ir4-1ine  t^jB^ 
d.     One  pe|hip -serying  injection  noz^l(°s  iar  severahcyliriders  (distrilKitor  type) 


/ 


DISTRIBUTOR  TYPE  INJECTION  PUMP 
UNIT  II        '  • 


5'- 


r 


IJECTIVE 


•  *       . .   '        »  .  . 

After  completion  of  this  unit  the  student  sh^ould  be  able  to  identify  the  main  paHk  of 
a  distributor  type  pump  and  trace  .the-fuel- fl9w;pircuit  .during  ,a  complete  pump  iyde 

.  of  a  distributive  type  pump.  The  student  shoald*|nso,  be  able  toVemove,  bench  test,  and 
install  a  distributor  type  pump.  This  Knowledge  wjill  be  evidenced, through  demonstration- 

.  and  by  scoring  eighty-five* percent  .on  the  unit  tdst. 

■     .        ''    ■  -  SPECrFIC  OBJECTIVES  >  ' 

After  com^pletion  of  this  unif'the  student  should /^"^able  to; 

Match  ter.ms  associated  with  the  dikrtfeiutor  type,  pump  to\the  correct 


1. 


7. 
8. 


definitions 

Identify  the  main  parts  of  a  distributor  :yp^  pump 

Identify  tbree  rotating  parts  of  the  distributor- type  pump. 

M«tch  the  major,  parts  of  the  distributor*  type  pump  to' their  functions. 

Discuss  the  f5rinciples  of^  operation  of  the  distributor  type  pump. 

•Trace  the  fuel  flow  ciircuit  during  a  complete  pump^cycle  distributor- 
type  purnp.         ^  '     c3  •  , 
.*            .»          *  ^ 

Name  three  functions  of  the  end  plate- 

'    ^  "         ■        ]  J 

Name;  six^s^tional  featured  a  di^ributor  type*  purap^may  have: 

Demonstrate' the  ab^j^.lto: 

a.  .  Remove  a  distributor  t\>pe  pump  from  anj»ehgine. 
,  b.     Bench  test  a 'distributor  type  pump.      '  ^ 
c.  ^  Jnstall  a  dis^ibutor  type  pump  on  an  engine. 


DiSTRIBUtOR  TVPE  INJECTION  PUMP 
UNIT  II  ■  - 


SUGg^EST^O^  ACTIVITIES 


I.  .Instructor: 


4    '  ■  '  ♦ 

.A.    Provide  student  ^th  objective  sheet.  " 

B.  Provide  student  wi^h  information  and  job  ^heets.  -  • 

C.  Mgke, transparencies".        •    *  ► . 

D.  .Discuss  unit^and  specific  objectives. 


E. 
F. 


Discuss  information  sheet.  ^ 
'Denionrtraterand  discuss,  the*  procedures  outlined  in  the  job  sheets. 


*   >^i3.    C^or  code  oil  passages  orytransparency  masters. 
"  H.    Give  test.  \ 
II.    Student/     .  ^ 

.^A.  7Read)fobjectiv^e  sheet.f 
i   K    Study  information  sheet- 


^C,^  Compleffe.  job  shj^eetsr 
D.  .  Take  test.  ' 


I.    Included  in*  this  unit:  •  ' 
* ;    A.    Objective  .sheet .  ^ 
p.    .Information  -  sheet  ^ 


INSTRUCT  I  ON /«,  MATEJ^IALS 


Transparency  masters    \  '      '       "  "  ^ 

K  /       ^'-Distributor  Type  Pump 
2.*     Till  2-Main  R^rt?  of  Distributor^Type  Pumper"-' 
'  '3>      TM  3-Fuef.  Flow       '  .  •    I  / 


\ 


-  28.E 


4.  TM  4"£nd  Plate -AssSTibly  with  Transfer  Pump 

*  * 

5.  TM/B-Optional  Features  of  a  Distributor  Type  Pump 

6.  /TM  6-'Option^^i' features  of  a  DistributorTyp#ump(Continued) 
^   D.    Job  sheets  \      '  , 

^y  -     Job.SKeet  #l'-f^emove  a  Distributor  Type  Pump  from  an  Engine 

2;;  --Jqb 'Sheet  #2-- Bench  .Test  a  Distributor  Type' Pump  < 

3,       Job  Sheet  #3-/ljistall  a  Distribulor  Type  Pump  on  an\Engine 

E.    Test         ^         l^J^'  ' 


-E  Answers^'io  l4st/$^  '      >  *  y 

Re/erences:-'- 


-1. 


A.  Toboldt,  Bill.  Diesel:  Euadamentals,  Service,  Repair  South,Hollanrf,-UlipGt^;  

•       Goodheart-WiHcox  'Company,  1973.    *       .  .     ^  ^ 

B.  Xates,  Edgar' J^  apd-  Luck,  WilMam^'E.  Diesel  and  l^iah  Compression  Gas     ^  '  . 
Engines,  phrcggo-t/^Acnerican  Technical  Society,  i'97$,  ;  ^ 

C.  Fundamentals  of  Se'rvice:.  Enginls.  Moline,  "lllinois(^Deere  and  Company, 


D.^fioosa  Master:  Operation,  and'  Instructional  Manual)  Mgdeh  D'C  Pump,     *  ' 
HartforcJ,  Connecticut:   Saiadyne/Hartford  Divisior^^hoosa  Master    ^  -^ 
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D.TSTRIBUTOR  TYPE  INJECTION  PUMP 
-  .  UNIT  II 


INFORMATION  SHEET 


I.    Terms  and^efinitidos  >  ^ 

A.  .Distributor  type  injection  systeiH--Nocrpally  uses  one  pump  to  distribute 
'  '   fuej  to  all.  cylinders  (Transpanericy*  f)  , 

B.  AnnuluS'-Ring;*a  part,  structure,  or  marking  resembling  a  ring* 

C.  Hydraulic-Operated  or  moved  by* liquid  in.  motion  ^ 


Registry-  Oil  passage  that  indexes  with  a  portjn  a  ro^jing  l>ead 


E.  .  Metering*;Preci|ion  measurement  of  fuel  delivery 


Vf.     Retraction-^cf  of  drawing  back 


J. 


Servoritechanism-Automatic  device  for  controlling  large  amounts  of  power 
with  small  amounts  of  power  as  a  piston  moved  by  flyid- under  pressure 

H.  Circuit-Qo#nplete'  path  rbf  fuel  flow 
'  *  •  *■ 

I.  Delivery^  valve-Provides  retraction  of  d^ivery  line  pressure  causinh  nozzle 
valve  to  return  to  its  seat,  preventing  dribbje  of  fudi  into  corntpustion 
chamber 


•    II.    Main  parts  of 'distributor  type  pump  (Transparency  2) 


A.  •  Drive  shaft 

B.  ^  Distributor  roto/ 


C.  Transfer  pc^.  ■ 

D.  Pumping  plunger^ 

E.  Internal  cam-ring 


F.  Hydraulic  head 
G\.   End  platft 


*H.  Governor 


Automatic  advance 


J.  Housrng 
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II..  Rotating  parts  of  the''^^ributor  type  pump"  (Transparency  2) 

» 

A.  ■  Drive -shafr     ^  ^     .     *  * 

B.  Distributor  rotor  i 

C. ^  Transfer  pump  blades 

4  * 

V.    Functions  of  major  parts  (Transparency -2)  7^ 
^A.    Drive  shaft-Turns  distributor  rotor  in  the  hydraulic  h^d 


B.  Distributor  rotor-Rotation  of  rotor  causes  pumping 'action  of  plungers 
which  discharge  fuel  when  passages  index  "with  appropriate  passages  in  tfie 
hydraulic  head       •  ,  «  o  • 


■  C.     Transj^r-  pun^p  Draws  fuel  from  supply  tank  through  inlet  straiher  to  pump- 

(NOTE:  Vane  type  pump  is  attach^to  opposite  ^nd  of  distributor  rotor.) 

 D^  ^Pumpin^plungers-Provitie^  pressure  ^o  transfer  fuel  from  rotor  to  hydraulic 

head  to  injection  nozzles  -  . 

/^^E-^ Internal  canri-ring--Actuates  the'pumping  piunigers 

F.    >Hy^raujic  head-Contains  the  metering  valve  and  theVore  in  which  the  rotor 
revgives- 

^~  r      ■  '     ■     '    .  *  ^'  ' 

 9*  plate-Houses  the  transfer  pump  pressure  regulating  va)ve  and  fuel 

^         i3trair1er      ^     .  .  -     .  ' 

„  H.  .  Governor— Regulates  the  speed-  bv  positive  mechanical  linkage  to  metering  . 
vatve   *  '  *  '  . 

I.     .Autoniatic  *speed  advance-'Hydraulici  servomechanism  powered  by  oil  ' 
pressure  frocn  the  transfer  pump  which  advances  injection 'timmg 

(NOTE:  -Not  all  pumps  are  equipped  with  an  automatic  speed  advance.) 

^       ^   \/  '      *         *    ^    ^  »  / 

J.    *Housing-Contain§  pll  -component  parts  *  ' 

Principles:  of  operation  of>;the  distribator  type  purpp  (Transparency  .2}  "  x 
-  .  \  ■       •  .  1      *    .  ;  ' 

A.    Drive  shaft  engages  the  distributor  rotor  .in  thfe  hydraulic  head'        '  "  ' 

•(NOTE:,  Drive  ej:id  of  rbtor. has^'two  cylinder  bores,  each  cbntainmg  tvvo 
jpiungers.)  .    '  .  *    «  ^  \  ' 

*  * 

'      '   '  BBS'  '         **  ' 


■./--  ^  ,  . 

.  INFORMATION.  SWEET 
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^  B*  Plungers  are  at^jjated  toward  eacti^other  sim'ultdneousjy  by  the  internal; 
I  '  caniiing  to^pump  fuel  ,       .  ' 

Ce     As  rotor  re\/olv.es  inside  hydrfeulic  heag-^'the  discharge  ^a5sages-in  th^  rotor 
t  indexes  with  appropriate  passages  m  ihe  hyd^iaulic  h^ad -to  lead^tcr  theo 

injector  nozzles  '     '    -         .    .  <^   ,  >        '  * 

VL    Fuel  *iow  circuit  (Transparency  ^)  ,        ^  ^  '  . 

A.  Fuel  is  drawn  from  the" supply  tar^k  into  tine  pump  thr6ugh  the  tnie^strainer 
by  the ''vane  type  fuel  transfer  pymp      ^   .      '     *   ,     •  .-^ 

B.  Transfer  pump  |3ressure  forces  fuel  through  drilled  passages  ih  the  hydraulic 
heacj  intV)  the-^^nnuTus         -  ^  ^  ' 


•J 


C.  Fuel  flows^arfiund,  th^ft^,annijlus  to  ttJp  of  sleeve  and  fhrodgh  connecting 
passages  to  Ptpetenng  vaive     -    ^  .        ^    .  ]    '  ^* 

D.  ^  Metering  vglve  regulates  the  flow  of  fuel  into  the'cKarqiog  rmg  which 
'  ^^"^incorporates  the  "ich^rging  ports  ^ 

E?    As  the  rotor  revolves  the  twin  in  1^^  passages  register  wtth  two  *charging 
'  ports  in  the  hydraulic  head  allowing  fuel  to  flow  into  the  purriping-oylinde^^s 

J,  •       ,  •  "» 

F.  ^  With  fSrther  rotation  the  inlet'passages  move  out  of  regi^stry  and  ,the  smgle 

discharge  port  is  opened 

G.  Th'e  rollers  contact  the  cam  tabes- fcJrcmg  the -piunger.s^  together^ 

H.  Fuel  trapped-  between  the  plungers  "is  theb  delive^r^d  through  delivery.  val)/e 

»  .   to  th^  nozzle        ^  '   *  *  '       ,  -  •  '      '  ^  '       ^  ' 


VIL    Functions  o^  enjj  plate  (Transparency  4)  ^ *  .       -    .       '  '  ,  , 

'  •  m-  '  '  ■  ' '\"  "      '  ^       '  A-' ' 

A.    Provides.  fi»  inlet  passages  atfd*  houses  pressure  reg^jlatmg  vaflP 

Be     Covers  thoWuet  transfer' puQop    V^,  ,      «     /       <  •» 

.  •  ....  V  ..... 


Absorbs  end  thrust  *  of*  (fr1ve.  an^  gbvarnar  ,  ^ 
yilL  , Optional  features  qt  a  distribiltcr  type  pump  (,T''^>!;'"sparencies     and* 6-) 
;  A.    .Viscosity  .jcompensator ^      *  »     I  '^^^m  ^ 

B,     Centr^|fugal^gover^o^  *  .  , 

.  C.     Autom^atic  load  advance   .  •  ,    ,  - 

De    Automatic "Sp^ed.  advance  .  * 

B,     Torque  controT        ^       *  '     '  * 


,F.  K  Electric  shut-off 
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HBad 
Supply  Tank 


Pressure  %uiating  Valve 


f  ^TrafTsfer  Pump 


Fuel  Flovvr 


Charging  Ring 
Rollers 


Distributor  R^or 


.  Head  Outlet 
Discharge  Passage 


*  Plunders  T^'"     .  Annulu^  Transfer 

'  Inlet     -in  Hydraulic  fump 

:■.    i  Passages  Wad  Barrel  *  Pressure 

'  Claarging  Cycle 


^/ Passage  Delivery 
.  '  *  Valve' 

^^h/ery  Valv£|  Stop 


Discharge  Cycle 
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Regulating 
Spring 

Transfer 
Pump~ 
Blades 

Transfer 
Piyfip 

Liiier 


Inlet  Screen 
Adjusting  Rlug 

Ifi^Pressure  Regulating 
jMSIeeve/ 

IJ^pegulating  Piston 
"^Piston  Seal 


End  Platfe 


l^resslire  Regulating  Valve 


P  ptibnat  Features  of  a  D^tributor  Type  Pump 


baiw  Idle 
Spri 


Throttle  Sfipft  ' 
l\/tetering  Valve 


'  Linkage  Heok 

GoN^mor 
Spring: 

Governor  Arm^ 
Pivot  Shaft^ 

Thrust 
Sleeve 


Flyweight*^  \ 
. .  Weight 
1  Retainer 

Centrifugaf  GoN^ernor 


Eleotrical  Shut-Off 


Optional  Features  ori^  Distributor  Type  Pum 


(Continued) 


Automatic  Advance 
Mechanisrri 


Pump  Cam 
Advance  fin 
-  Spring 


Torque  Control  Screw 


*Torque 
X  Scf'ew 


Advance  Trimnprer  Screw 


Automatic , 
Spee^^Advancfe 
TrimmiBr  Screw 
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DISTRIBUTOR  I  vVb  INJbCTION -PUMP  - 
'  •*       UNIT  II   .  -' 


\  • 

JOB  SHEET  #1.--RETvI0VE  DISTRIBUTOR  TYPE  PUMP  FROM  ENGIJME 


J.. 


ERIC 


I.    Tools  and  materials  .         '  * 

A.  Distributor  type  pump        ^  ^ 

B.  AppYbpriate  service  maxiual  •  * 

C.  Hand  tool  set        .  ^ 

D.  Solution  for  washing  £urrtp' 

E\    Shop  towels  (lint  free)  ^ 
*  .  F..  Shipping  caps  or  plugs  for  disconnected  lines 

G.  \  Safety,  glasses  ^  '  *  ' 

IL>  ProcleduJre  *  ; 

{NOTiE:  Refer  to  engine  nnanual  and  determine  type  pump  installation*  If  drive 


sl?aft  \is  part  of  engine  drive  assembly  it  remains  with  the  engine.) 

»A.    Clean  and  Wash  'dbwn  bump,  fitti^^,  and  a)f  corttiections.to  be  broken 
>  \o\  eliminate  any  chance  -t^t  d^rt '^entering  the  system  vvhen  lines  are 
'disconnected 

'  '  ^\         "       \  '  ^ 

^  (Ci^UTIQNii  All  openings  s^hpuld  be  temporarily  plugged  as' lines  ar^' 
disconnected.)  *    .  • 

^  \  ■  .     - "  . 

B.  Check  the  engine  manual  for  proper  timing -position  of  crankshaft 

C.  Bat  tk  engine  in  correct  direction  ofiVotatioq  until  the  engine  timing  mark 
isiindexed  and^  tfje  No.  1  cylinder  is*  on  .  compression  stroke 

^  D.    Remove  the  timing  window  cover^frbm  the. outboard  side  of  the  pump 

.  (NOTEf  THe  ;imi]^g^  line  on  the^^overnor  weight  retainer  huib^sholrtd  be 
^     ^  directly  opposite  th%  line  on  thj^^pam.  Engine  perform^^tiJ<V  poor 
^    ifv  these  lines  are  not  indexed,  pronferly.)  ^    '  " 

I  :         '  . 

^    E.     Disconnect-  the  fuel  supply,  rettm:i;  '^dnd  nozzle  leakoff  lines  and  all  high 
pressure  lin^s,  plugging  all  opfeningS^'  - 


1 


JOB-SHEET  #1  • 


.    Disconnect  thrfet^e  and  shut-off  linkage 

.■  Tje  throttle  lever  in  full  fujel  position^ 

.  t^Remove  /nounting  nuts -on  the' pymp  flange 


^  Slide  pump  ggntty  from  location  -  [  \ 

loNjo 


(CAUTION:  Be  careful  no-Njo  damage  the  pilot  tube  by- cocking  pump , 
on  removal.)  *  *  "  '1 


'L  . 
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.  DISTRIBUTOR  TYPE  INJECtlON  PUMP   '  *     •  ' 

.LHMiTjr ,   .  .       ..    '  • 

•     •  JOB  SHEET  #2-8ENCH  TEST  DISTRIBUTOR  TYPE  PUMP~  '  ' 

♦  I.    Tools  and*  materials     '  , 

^  A.    Distributor  type  pump  *  *      ^  ' 

B.  •  Appropriate  servicfe  manual      '  '    •  * 

C.  '  Hand  'tool  set    •  •  ^  . 
'    D.    Injection  fine  -  ,f/16\r.D;x  20"  length  ^     .  • 

.  Injection  line  -  3/32"  I.D.  x  20"  length   *  .  * 
Calibrating  nozzles  adjusted  to  pump  manufacturer's  specifications  . 

G.  Pump  test  stand  •  ^ ' 

H.  Adapters^-pump  to  test  stand 

—    I.     Recommended  calibrating.oil  ^      '      -  . 

i  ^-    \        '  .  '  *      ^  1 

J.     Shop  towelis,  lint  fre«  • 

#  '  '     :      ]  ^ 

,  Safety  glasses 

'  II..  Procedure     ^  .    -  .        *     .  |  . 

/*  *  ' 

A?    Calibrate  and  test       .  .  •    •  •  > 

} 

.  .   1.\     Mount  the  pump  securely  with  appropriate  adapters  1 
'       -  /  ,  ♦ 

(NOTE:  If  pump  erhploys.^a  steel  pilot  .tube,  do  not  support  the 
drive  shaft  in  the  housing.  A  drive  adapter,  usually  with,  a  ball ' 
bearing,  supports  the  shaft.  These  pumps  must  be.  tested  using, 
'     -    an\ intermediate  support  bearing.  See  Figure  1^)    »    .       \  ^ 

_  Inle^  " 

FIGWRE  1 


Bearing'Mounting 


m 


To  Pressure -Gauge 


Wmdl5\A^ 


■er|c 
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JOB  SHEET  #2 

/Z       Install* high -pressure  injection  lines  using  new  gaskets  % 

(NOTE:  I  nstall  two  new  gaskets,  one  on  each  side  of  fitting.  L.eave 
fuel  line  connector  screws  at  pump  and  injection  line  illits  at 
nozzles  loose.)  *  '  \  *  ^  -  ^ 

3.       Install  inlet  ana  return  lines  and' transfer  pump  pressure  gau^e 


(N0JE:  Use  a  restriction  fitting  on 'the  liturn  line  if  tKf^ur 
normally  uses  one.)  »  -  . 


ump 


4. 


5. 


Determine  proper  direction  of  rotation  from  pump  name  plate 
>{"C","  Clockwise,  "CC"  -  CoUnterrglockwise) 

-  (NOTE:  Rotation. is  determined  9s  viewed  from  cfrjve  end  of 
pump.)        '      . '  '       ■  /      . .  • 

Start  stand  at  lowest  speed, -move  jfirottle  to  "full-load"  position 

m  • 

^     *  - 

When  transfer  pump  picks" up  suction,  allo^V  fuel'  to  bleed'ior 
several  seconds  from  loosenecl^Gonnector.. screw? 

*  Allow  fuel  to  bleed  from  loosened  injection,  line  nuts,  tfegn  tighten 
securely  ^  ^^^^ 

(NOTE:  If  pump  is  factory  tested  on  stands  which  measure  fuel 
^  flow  in  cubic  millimeters,  it  is  necessary  to  convert  the  readings 
on  other  types  of  stands  which  measure  in  cubic  centiineters.See 
Figure  2.)^-         :  ,      ,       ^         V  .       :  '  n 
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JOB  SHEET  #2  ~ 


(NOTE:  The  test  stand  tachometer  registers ^pump  speed.  Some 
specification  test  data  refers  to'  engine -.speed.)  ^  ' 

Operate  pump*  at  1000  RPM  for  JO  minutes       '  '  . 

,  *  *  •  * 

Dry  off  completely  with  compressed  air  '     '  -  ' 

Observe,  for  leaks  ^nd  cbrrect  as  necessary       '  '  , 

Back  out  t>|e  high  idle  stop  screw  and  torque "scfew  (if  equipp^§d) 

(NOTE:  The  inlet  to  the  transfer  pump  shoyld  never,  ^e 
pressurized  during  brench  testing.)  ^  '  . 

Close  vahe  in  suprply  line       .     .  " 

(NOTE:    Check  ^td   see    that  ; transfer  ^  pump-  .pulls,  up  "to 
manufacturer  s  specifications.    If  it  does  not,  check  for  air  leaks, 
on  suction  side  or  malfunction  o*  en^S:  plate  and  transfer  pump 
parts.  If  the  pump  is  equipped  with  an  External  by-pass/Fj:  shogid 
be  pinched  off' during^thrs  test.)  *  ^ 

.      »      •  .>      .     •  ■  •       ♦    '  . 

Ell  I  .graduates  to*bleerf  air  from  test  stand  ;and  to  wet  glass  . 

.  "     ^  .      \  * 

Observe^returji.  oil       '  "  .  ,    "      .  y 

,\  i\  '  '    -    •      ■  * 

(NOTE:  '  Compare  observable*  return  with  manufacturer's- 
specifications.  By-pass  equipped  pumps  Wilt  return  Jess  fuel.) 
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JOB  SHEET  #2 


15. 


Operate  'the  specified  speeds  with  .wide  open  throttle  and.observe 
transfer  pump  pressure 

..  ^  •   ,  ■  ;  •  ' 

{NQTB:  Adjust  pressure- regulating  spring  p1ug«to  raise  or  lower 
transfer  Rpmp  pressure.)      *    '  -  <  • 

(CAUTION:  Under  no  circumstances -should  13b  psi  beexpfeeded. 
See  Figure,  3.)  "  '  '        "  • 


FIGURE  3 


Transfer  Piymp  Pressure  Adjustment 


16,       Check^for  rTvini'mum  delivery  at  cranking  speed  ^ 
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;•        ■        JOB  SHEET  #2  ,  .  " 

*     »  * 

17.      ^Operate  at  high  idle  speed  and  fdjyst  high  idle  screw  to  obtain 
the  specified  delivery  (Figure  4); 


FIGURE  4 


High  Idle  * 
Delivery  Adjustment 


High  Idle  Screw 


18.  '    Adjust  the  low  idle  screw  to  the  correct  low  idle  delivery-C Figure 
FI^GUR€  5     V  .  • 


Low  Idle  Screw  ^ " 


•Low  Idle 
Delivery  Adjustment 


■GS3 


JOB  SHEET  #2 


19.       Adjust  automatic  advance 
a.;    Adjust  speed  advance  . 

1)  Check  the  cam  position  at  specified  points'  in  the 
:     speed  range  f 

2)  Adjust  trimmer  screw,  or  shim,  as 'required  to 
obtain  proper  advance  operation  (Figure  6) 

F1GURE.6  .         '       '  ' 


y 


b.    Adjust  load  advance 

1)       Adjust^  the  ^  test  stands  speed  to  the  specified 
:  part-load' delivery  ^  / 


FIGURE  7 


Load  Advance 
Adjustment 


'    /D  -  53-E< '  / 


JOB  SHEET  #2 


/ 


2)     .  Observe  cpm  position  and  adjust  ^uide  stu^  for 
.  correct  cam  movement  (Figures  7  and  8)'-  / 


FIGURE  8 


20, 


oOT  -  Retard 


Port  From 

Transfer 

Pump 


IN  —  Advance 


7\  \ 


^  Advant^e 
Mechanism 


EFFECT  OF  LOAD  ADVANCE  ADJUSTMENT 


Record  fuel  delivery  \at  check  points  shown  K)n,  the  pump 
specification  '\  ^  ' 

(NOTE:  ROLLER  SETTINGS  SHOUID'NOT  BE  READJUSTED 
ON  THE  TEST<feENCH.  Experience  has  p/oven  that  miqrometer 
and  dial  4ndtcatpr  settings  ^provide  more  consistent,  "accurate 
resuJts  jn  performance.  Variations  v'n  test  benches,  nozzles,  lines, 
and  fuels  in  differer\t  areas  Sometime  ^result  in^inatjcurate  fl^w 
readings.)         •  4  - 

•  -  -      ^  .  •    .  i 


■f.  o 
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JOB  SHEET  #2 


21/  ;7  \^hile  operating  at  fulM^yad  governed  speed  set  torque  screw  (if 
.  ;  employed}  to  specif!^ . delivery  (Figure  9)  -     ^'  •  * 


Torque  Screw  Adjustment 


22.  Recheck  delivery  at  lowest  speed  *  checkpoint 

23.  Cbeck  governor  cutoTf  at  specified  speed 


24. 


Remove  frqm'test  stand  and  assemble*  alh  sealing  wir^s;  p^mp  ia/ 
now  re^dy  for  installation  to  engine         _  -  i^O^ 

(NOTE:  jf  there  is  jiodrive  shaft  with  the  pump^^wire  the  throttle 
lever-Hn  "fuU  fuel"  ?bsition  for  shipment  or  until  installed  on 
engine.  Otherwise,  mount  the  pump  on  drive  adaptor  with  ^haft. 
Check  shaft  seals  with  a  pressure"  test  on  the  housing.) 


V 
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DISTRIBUTOR  TYPE  INJECTION  PUMP 
.  UNIT  II 


JOB  SHEET  #3,:-INSTALL  DISTRIBUTOR  TYPE  PUMP  ON  ENGII^E 


If.    Jools  and- materials    /   "  ' 

^ 

'.-A.   .Distributor  type  pump 

B.  Appropriate  service  manual 

C,  \  Drivg  shaft  msta Nation  tool/ 
*   D.    Torqye  wrench 

E.    Sbfety  glasses  % 
f.  Prpcfdur^ 


(NOTE:  Pumps  marked  "Tinge|l  Start  Ifij."  6r  ''Timed  Er>d'lnT'*  on  ^e  timing 
window  cover  are  timed  .according  to  procedures  below.)  "  ^ 

A."  Remove  outboard  timing! ^indow 'coVer  (name  pFate  §ide)  / 

^.B.    With  a.  CLEAN  wide  bladed  screwdriver  or  the  pump  drive  shaft  inserted  V 
*   into  the  drive  end  of  thq  ^bmp,  rofeje  the  distributor  rbtor  until  the  timing  - 
'  line  on  the  weight  rejfeaiper  hug  registers  with  th^  line  on  thi  cam  O.D.- 

(ISIDTE:  Tf;e  pump  is  nolv  correctly  posi-tibned  for  assembly  to  the  engine.) 

C.    Roll  ttie  engine  in  directPon  of. rotation  until  the  flyi^heeris  correctly 
«  positioned  for  fuel  pump  assembly  (See  ongihe  manuaf) 


D,    Apply  a  ifght  coat  of  g 


ease  to  the  drive  shaft  se^ls 


While  compressing  the "driye  shaft  jeals  with  the  ds^e  shaft  installation  tooL 
slide  the.  pump  into  posftibVi,  over  the"  mounting  studs 


(NOTE:  Make  ^sure  .drive  shaft  and  segis  are  properly  positioned.) 
F.    Assemble^.and  tighten  the  mounting  nyts  finger  tight    -  ' 


'  J 


JOB  SHEET  #3 . 


Rotate  pump,  first  in  the  direction  of  rotation  and  then  in  the  opposite 
direction  until  timing  lines  again  register  (Figures  1  and  2) 


Timing  Lines 


FIGURE  1 


•   Weight  Retainer 


To 'take  up  aU  back  lash,  tighten  nuts  securely 

(CAUTIOI^  Drive  shaft  ^spline  should  engage  with  haiid  pressure.  Do  not* 
attempt  to  "draw  up^^^'the  pump  flange  with  nriounting  stud  nuts,  tf  spline 
does  not  engage,  rotate  pump  slightly  to  locate  timing  pin.) 
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D  -  57-E 


1/    Back  off  engine  at  least  1/2  revo|||io|  and  roll  it  a^ai'n  in  the  dir'^ctioYi 


of  rotation  to^  the  proper  timing  gjpr 


^    (NOTE:  Betheck  line  marks  in  the  guncip  and  correct  if  necessary.  Repeat 
procedure  to  insure/ proper  timing.)' ^  \ 

J.  .  'Unplug  6pen  ends  of  high  pressure  lines,  assemble  with  new  fuel  line 
connector  washers  and  tighten  to  sipeciflefd  torque 

I 

/Assemble  and  tighten  fuel  return  and  nozzle  leak-off  lines 
r 

L.    Attach  pump  qontrols 

Open  bleed  screw  on  secondary  filter,  and  operate  ^land  prirfter  (jf  ^quipped) 
or  allow:fuel  to  flow  from  tank  until  all  air  is' dispelled  from  filter 

N.    Close  bfeed  screw  '  *  '     '  . 

0.    Continue  hand  priming  until  a  qf^antity  of  fuel  flows  "air-free"  at  pump 
inlet  line  *  * 

P/    Fasten  thfe  inlet  line  to  the  pump  "  ^ 

(NOTE:  T^iis  procedure \s|?K)uld  alsa  be  followed  without  fail  after  every 
filter  change.  Refer  to  engine  manual  for  starting. instructions  before  starting 
enTgine.) -         .        •        ,  . 

Q.    Provide  means  for  emergency  shut-off  , 

.i  ■  ,     ■  .  .  ' 


DISTRIBUTOR. JY-PE  INJECTION  PUMP.  " 
;  UNIT  M  " 


NAiyiE 


TEST 


Match  thd- terms  on  the^ioKfToShe  correct  definition^., 


a.  Ring;   .a  part,  smicture,  or  njarking  \V.    *  Hydraulic,/ 
resem'bling  a  rinjj^                  I      '  *    //  .  -  '*  . 

y  ;  j^.'  Distributor" 

b.  Operated  or  mo^ed  byMiqujd  in^otion  *  -f^^^  ,    type  injection 


^c.  Qij  passage  that  indexes  With  a  port- in 
a  ^otating  head 

^  *       '   ^      •  .  ,  f 

d.  Act  of  drawing '-back 


,r         system  * 
^^  '3.,-^  'Rejtracti^ 
•  ''kM^    Circuit . 


^e.  Automatic  device  for  eontrolling  lar^ge    |43j||^'<  Servomechanism 
amounts  of  povVer  with  small  amounts:  -''i':^': 
of  power  as.  3- piston-  moved,  by  fluid   ll'fo^^  '^     Annul^s  ^ 
uni^r  'pressure   .  ,       j/   '     ■  '  ' 

^;  .  Registry. 

f.  Compjete  patli  of  ifuel  flpw  ^  \;      /  \]  ^.  . 

•V  '  '         ^  '     -  '^./?*'  U,-"^.  "  Metering 

^g.  Normally 'use5  one  pump  to  distribute  /  ^ 
*  fuel  Jtbv  all  cylinders  .  9-^ 


_h.  Provides   retraction   af '  delivery   line.  /'' 
pressure  caiising  i^zzle  valve  to' retufr}' 
to  its  seat,  prev^ting  dribble  of  fuel  intcj 
combustion  chamber/   \^      ^     -  '^i  ; 


Delivery  ^^ve 


J 


Precision  measurement'  of  fuel  delivCT.^ 


;■**. 


I(^entify  three  rotating  part5  of  the  ^distributor  type  pump. 


a. 
b. 


c. 


r 


\;  -  '  '  '    ■  ■ 

Match  the  major  patts  of  the  distributor  type  pump  on  tlie  right  to  their 
functions.  *  .  '  .  * 

1. 


_a;  Turns  distributor  rotor  in  the  hycJraulic 
head 

_b.  Rotation  of  rotor  causes  pgmping  action 
^  of" plungers  which  cJischarge  .fuel  wh^n 
passages  index  with  appropriate  passages 
in  the  hydraulics-head 

_c.  D.caws  fuel  from  supply  lank  through' 
'*nlet  strainer  -to  punnp 

^d.  Provide  pressure  to  transfer-  fuel  from 
rotor  to  hydraulic^head"  to  injection 
nozzles  *  ' 


^e.  Actuates  the  pumping  plungers 


_f.^*  Contains  the  n^etermg  valve-and  the  bore, 
in  which  the  rotor  revolves    ^  * 

_g.  Houses    the   transter-  pump  pressure 
regulating  valve  and  .fuel  ^trainer 

_h.  Regulates    the  ^  speed    by  positive 
mechanical  linkage  to  metering  valve 

J.   Hydr£julic  sefvdmechanisnl  powered  'by^ 
oil   pressure  from 'the  transfer  punrvp" 
•  which  advances  injection  ^ timing  t;  '  .o:^ 

J.  .Contains  all  component  pirts 


2. 
3. 

4.. 
5. 

7,  ■ 
8. 

9. 

10.  - 


Pumping  . 
plungeis 

Drive  shaft 

•Distriburt)!' ' 
rotor 

4 

HotJ^ing*' 
Hydraulic  head 


Automatic 


speed  ac(yance 

Governor 

Internal*  / 
cam-ring  ' 

Transfer  pump 

End  plate^" 


-  4 


62-E , 


^  5.       Discuss  thiB  principles  aL.operation  of  the  distributqr  type  pump. 


6-.       Trace  the  fuel  flow  circuit  during  a  complete  pump^ycle  on  h  distributor  type 
'punr^p.  '  *     /  »  .  '  ' 

a.    '  ■     ^  •  ,      •         K  ^     -     '  — 


d. 


f. 


J- 


.   7-     Nannfe  three*' iun^ons  of  tjie  end  plate. 


X 


b .  •  ^  .  ■ 

.   '8.       Name  six  optional  features  a  distributor  type  pump  may'Have. 
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^      '.  -      /  .    •  •    ■       .  O  -  63-E 


d.  '  -  ■  • 

e. .        ~  » 


r 


i.  - 


Derxionstrate  thp  ability  tp:  .   /  * 

.  "*  * 

a.  R.emove  a  distributor  type  pumR  from  an^  engine/  >  *    ^  ' 

b.  Bench  test  a  distributor  type  pump.     '  * 

^   \  :       ^    V    ^  •  ' 

c.  Install  a  distributor  type  pump*  on* an  engine.  j  '  ''^ 

(NOTE:  If  these  activities  have-not  been  accompMshed  prior  to  the  test  9sk' 
your'jnstructor  .when  they  should  be  compdjeted^f  •    "       '    '  - 


r 


-    «r  .  -  ^   -  > 


DISTRIBUTOR  .type" INJECTION  PUMP 
UNIT  II  ; 


/ 


ay  •  6  .       ,•   '  •      f.  4 


ANSWERS  TO^TEST 

X 


■  p- 

J 

r- 

1  , 
X. 

I 

,  ,d. 

.3 

'  5 

a.  •  Drive  shaH   '  ^  /  -        ,        ' '       *   .  - 

 *   '      «        ^       .      *  *  .'^'^       '    '  - 

Distributor  rotor  .  '  - 

^  fc.     Transfer  t)uinnp'  '  *    *         .  .         -       •    .  \ 

d.  Pumping  plungers  .         *  -        -  ,  * 

,         w  '      *  ,  ^  >^     •  « 

e.  Internal  cam-ring  '  ^  ,        '  .     '       ^  , 

?  -  '     V      •        '     .     '  -  '         •  ^  . 

f.  Hydraulic  head-  •     '  .  .        .  -  * 

'\       '  ^       '  •    ^  .  ^ 

.  g.  ^  ^nd  plate    ,  '  •  J  *      ,  '  -         ^    _  > 

h.  •  Governor  *     *         '  \  -  -  .     -     \  ^ 


.  i.  Automatic  advance* 

'  '  j.  Housing  -  •* 

3..      'a.  Drive  sff^ft  ' 

*    br  Distributor  roto'f 

c.  •  Transfer  pump  "blades 


, .  4.      a.  , 

2  , 

f. 

5  . 

* 

•  'b. 
c. 

3'  . 

9- 

1 

10,     .  . 

7  : 

*  9 

-d. 

.  '  .       -■■    e. . 

1 

i. 

.  j- 

6    :  . 

.4'  . 

*<• 

f  •  i 


;eric-  .  -/   •  -  ■■■.^^-v' 


Discussion  shou^d••^nclude:     *  * '  * 

a.  Drive  shaft  engages  the  distributor  r6t6r  in  the  hydrauHc  head 

^       \  ^      ^  ,      -  - 

b.  Plungers  are  actuated  toward  each  other  simultaneously  by  the  internal 
.cam-ring  to  pump  fuel,  /  — *rr-i 

c.  As  potor  revolves  inside  hydraulic  head  the  discharge  passages  in  the  rotor 
indexes  with  the  appropriate  passages  in  the  hydraulic  head  to  lea'd  to  the 
injector  nozzles  ,     ♦  /  t  » 

a.  Fuel  is  drawn  from  supply  tank  into  the  OMmp  through  the  inlet  strainer 
by  tha  vane  type  fuel  transfer  pump 


■r 


b.  Transfer  pump  pressure  forces  fuel  througK  drilled  passages  in  the  hydraulic 
head  into  the  annulus  ... 

c.  Fuel  flows  around  the  annulus  to  tpf5  of  sleeve,  and  through  connecting 
passages  to  metering  valve  .  ^ 

dV   viVleteVing  valve  regulates  "the  flow  of  fuel  jnto  the  .charging  ring  which 
incorporates  the  charging  ports      •  .  • 

e.     As  the  rojor  revolves  the  twin  infet  pai^ges  register  with  two  charging 
ports  m  the  hydraulic  head  allowing  fuel  to  flow  into  the  pumping  cylinders 


f.  Witlr/urther  rotation  the  inlet  passages  move  out  of  registry  and  the  single 
.discharge  port  is  opened         "         ^  .  ' 

g.  The  rollers  cohtact  the  cam  Itibes  forcing  the  plungers  together 

h^    Fuel  trapped  between  the  plungers  is  then  delivered  through  delivery  A/alve 
to  the  nozzle 

a.     Provides  fuel  inlet  passages  and  houses  pressure  regulating  valve  ' 
t).     Covers  the  fuel  transfer  pump  '    ^  •  * 

c.  Absorbs  erjd  thrust  of  drive  and  governor 

I 

a.  '  Viscosity  aompensator.  ■     ^  ^-^ 

b.  Centrifugal  governor-  r 

c".     Automatic  load  advance"  * 

d.  Automatic  speed  advance  , 

e.  Torque  control  .  -  ^  -    ^       .  ^ 

f.  .  Electric  shut-off  ■  .       -  . 
Performance  skills  evaluated  to  the<  satisfactior^  of  the  instructor 
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♦  'IN-LINE  INJECTION  ^UMP 
■  UNIT  HI". 


UNIT  OBJECTIVE 


After  completion  of  this  unit,j^e  student  should  be  able  to  match  the  main  parts  of 
an  m-line  injection  pump  .and  discuss  the  principle  of  operation  during  one  comRlete 
cycle  of  the  fuel  circuit.  The.  student  should  be  able  to  bench  test  an  in-line  injection 
pump.  This  knowledge  will  be  evidenced  through  demonstration  and  by  scoring  eighty-five 
percent* on  the  unit  test.'* 


:    '  .  SPECIFIC  OBJECTI.VES  "  \ 

t  •  • 

After  completion  of  this  unit/  the  student  should  be  able  to: 

1.       Ma^ch  terms  associated  with  the  in-line  punfip  to  the  correct  definitions. 
.  2.       Match  the  main  parts  of  the  in-line  pump  to  the  correct  name 
3.       Trace  the  iuel  flow  from  supply  tank  to  delivery. 


4.  State  the  purpose  of  the  hand  primer..  ^  # 

5.  Explain  the  purpose  of  the  fuel  transfer  pump. 

6.  Discuss  the  operation  of  the  injection  pump,     '    -  * 

7.  Identify  parts  ^nd  design  features  of  the  pumping  element. 

8.  ,  Explain  the  operation  of  the  control  rack  and  sleeve. 

9.  *  State  the  purpbse  of  the  delivery  valve. 

10.  Jdefitify  the  plunger  and^rack  positions. 

11.  Demonstrate- the  ability  to  bmich  test  an  in-line  injection  pump. 


IN-LINE  INJECTION  PUMP 
,     '     :         -*  UNIT' III 

'  ■  ■  J 

*  SUGGESTEDSe^'CTIVnPt^S 

I.  Instructor: 

A.    PrbvicJe  studehf^ 
^    B!*  Provide  studei 

C.  /  Make  transparencies.      '  '  ' 

I    \  ' 

D.  Discuss  unit  and  specific  qbjectives. 

>i 

E.  , -Discuss  information  sheet. 

*F.    Demonstrate  and  discuss  the  procedurgsj^utlined  in  the  job  'sheet.  ' 

G.  Demonstrate  and  discuss  the  procedures  on  assembly  ^nd  reassembly  of 
*  an  in-line  pump.  .  <  " 

H.  Give  test.     -  t  •  •  • ,  7^ 
•  •  / 

.    Student:  ^       -      ^  -  .  '  . 

A.  Read  objective  sheet.  -r 

B.  Study  information  sheet.  '   •        '  ' 
^  C.    Conrfplete  job  sheet.  *  - 

:    D.  'Take  test.  '  '  ,  ^  J  * 

..    '      •    INSTRUCTIONAL  MAT^I^IALS,^ 


•Included  in  fhis  xinit: 

A.  Objective  sheet         „  . 

B.  Information  sheet  ^  ^, 
Transparency,  masters 

r 

1.  TM  l-rln-Line- Injection  Pump 

2.  '    T(\^2~Main  Pump  Parts 
'3.      TM  3-Fuel  Flow 


4.  TM  4-lnjection  M^ump  Operation 

_  *    5.  TM  5-Parts  and  Design  of  Pumping  Element       '  ' 

6.  TM  6-Control  RacL^and  Sleeve  \ , 

^   7^*'  TM  7-Plunger:Positfons  at  TueU  Delivery  ♦ 

D.  Job"  Sheet  #l-rBench  Test  an  In-Line  Injection  Pump  . 

?.  ^  \  '   K  '  ^  *  '  *' 

E.  Test  '  .  , 

;:>-':  ^ 

F.  Answers  to  test  '        .    ♦  , 

,  •     '  •  ^       ,  ** 

References:  ^      -  ^  *  : 

A.  Toboldt,  Bill.  DieSet:  Fundamentals/ Sen/ice,  Repair.  South  Holland,  Illinois! 
^  Goodheart-Willcox  Company,  1973.        '        '        '  * 

B.  Kates,  Edgar' J.,  and  LJck,  William  E.  Diesel  and  High  Compression  'Gas 
Engines.  Chicago:  American  Technical  Society,  197^. 

C.  Fijndamerital^  of  Sen^ice:  Engines.  Moline,  Illinois:  Deere  and  Company, 
1972.  / 

D.  Technical  Manual.\Johrj^J^eere  Fuel  Infection  Equipment,  -  Robert  Bosch. 
Moline  Illinois:  Deere  and  Company,  April  1974. 


IN-LINE  INJECTION  •PUMP 
'UNIT-  III 


INFORMATION  SHEET 


I,    Terms -and  definitFons.     "     ^         ^  ^  '  ^ 

» 

.  A.    In-line  injection  pump-Uses  an  individual  pump  for  each  cylmder,  with* 

pumps  mourtted  in-line  (transparency  1)  * 

B.  Annular*'  groove-Machined  recess  formirtg  a  ring  on  pumping  plunger 

C.  Vertical  slot-Located  at  right  angles  to  the  plane^f  the  supporting  surface' 
^.6.    Helix-Spiraled,  machined  reces^  on  cfljmping  pluni 

E.  GalJery-Long,  narrow  fupl  or' oil.  pjassage 

F.  Aneroid-Detee  which  li'mi^!^fuel  §upply  to  engine,  preventing  excess  smoke 

1^  *  ' 

^  G.    Transfer  pump  (supply  pump>j^-S5rRt\  fuel  at  Ic^w  pressure  through  filters 
to  the  injection  pump  " 

II.    Main  parts  of  in-lirte  pump  (Transparency  2) 

A-.    Aneroid ' 

B.    Individual  pumping  element 
p.     Injection  line  ,  \ 

D.  Leak'Off  line    "  .  ' 

E.  Pump  housing  . 
,F.    Hand  primer  * 

G.  Sedirrlent  bowl 

H.  » '  Fuel-  transfer  pump'    '  ^ 
L     Canfishaft  •  --^ 


J.     Control  rack 

\ 

K;  ^  Governor 


■   .     v:        '  -  INFORMATION  SHEET 

III.    Fuel  flow  from  supply  tank  to  delivej-y  (Transparency  3) 

.    .  '  .  '  •      A..  Fuel' is -drawn  , from  supply  tank  through  prjmary  filter  by  fuel  transfer 
pump  ' ;  '  ^ 

Y  B.    Transfer  pump  forces^fuel  under  low  pressure  through  secondary  filter  Bnii' 

,    '       '  *  .     through  final  stage  filter  to  each  injection  pumping  element 

C.    Pumping  elemeht  metei*  fuefat  fiigh  pressure  to  each  injection  nozzle  for 
,  ^  delivery'  to  combustion  /chamber  '  - 

hV.    Purpose  of  hand  primer-Hand  primer  on  the  fuel  transf/r  pumaK^an  be  operated 
by  hand  to  pump- fuefwhen  bleeding  the  Sysjem  (ifansparfricy  4)-^ 

'V.    Purpose,  of  fufel  transfer  pump 

^  A.^,  Dravt^s  fuel  from  supply  tank  through  prifriary  filter 

B.  '  Assures  fuel  supply  to  ifijection  pumping  elements    *       -     ^  . 

-      ,  ^(NOTE:  All  fuel  flows  through(a  prpjiminary  filter^in. the  transfer  pump 
.  sediment  *bowl.j    ^  ^  • 


VI.    Injection  pump  Operation  (Transparency  4)       /  *  ' 

A.  Plunger. type  pupnp  has  engine  driven  camshaft  rotating  at  half  engine  speed 

B.  ..Roller. cam  followers,  riding  on  cam  lobes,  operate  the  plunger?  to  sOpply 
.        high 'pressure  fuel  through  delivery  valves  to  injectionf 'nozzfes 

Parts  and  design  features  of  pumping  element  (Transparency's)  ^  ' 

A.  Spill' ports  .*      '         '       ^  .  . 

B.  Plunger  * 
,  C    Annular  ^roov^  ♦  -  ,         •  , 

'    .     •■   •  ^ 

a    Barrel    .       '  ^ 
A    ■      E.  Helix 

F.    Vertical  slot 

>  •       '■  ■        '  ' 

VtIL   Operation  pf  control  rack  and  sleeve  fTransparenicy  6) '  c  •      .  • 

^  '  A.    Governor  moves  rack  to  "^regllil^te  Speed  of  engine  **:  •  *  . 

B.'  Th9  sfeeye,  rotated  bV  the  cpn|rof  rack^S'fitted  over  the  barrel  ^nd  connects   •  _ 
•  to  v|:f)i^^anes  on  the  plunger 


ERIC 


.  •       .  "INFORMATtON  SHEET   '    •         ^  «^ 

C.    Plunger  rotation  opens  orjploses  the  helix^which  meters  the- quantity' of 
■.  fuef  for  delivery  to  cylinder 

•IX.    Purpose  of  delivery.  valve-The- delivery  valve  creates  a  sudden  pressure  drop  In  • 
the  delivery  line  causing  the  injector  nozzle  valve  to  close  instantly  (Transparency 

(NOTE:.  This  effect  prevents  dribbling'at  the  nozzle.) 
X.    Plunger  and  rack  positions  (Transparency  7)'t  v  * 

A.  Np  fuef  delivery  >  1 

B.  •  Partial  fuel  delivery  t  J*:       ^     ■  -  ' 


G.,  ■  Full  fuel  delivery 


( . 


.  jSiier  Shuioff  Fuel  -  * 

Valve  Overflow 

Governor 


ion  Pump 

Outlets  Ta  Injection 


Operating  Lever 


Fu^I  Supply  Pump 


inlet  *Oil  LubriGBting 


■  4:  )^  V  - 
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in  Pmhp  Parts 


Ingiivldual  Pumping  Element    Injection  Line        Leak-Off  Line 


Aneroid 


PumjD  Housing 


Hand  Prinier 


'Sediment  Bowf^ 


6' 

;  ERIC 


Con^bl  Rack 


Fuel  Transfer  Kump 


^  V-: 


705 


si 


m 


Fuel  Floi$ 


0-60  lbs. 
Gauge 


Bleeder  ScreW 


3| 

Nozzle  Holder  ^ 
t 


Finar  Stage  Filtier 


Drain  Screw 


Drain  ScreW 


Secondary  Filter 


0 

}  FRIC  . 


"  >  *  - 


j    Overflow  Valve 


^UFiiel  Suppif  pump 


PrinFiary'Filtert?" 


Dfaih  SdeW 


Supply  Tank 


X 
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Injection  Pump  Operation 


Hand  Primer 


4 


Delivery  Line 


Delivery-  Valve 

Barrel 
Plunger 
Control  Rack 


Control  Sleeve 
Plunger  Vane 
Spring 


Spring  Plate 


Cam  Follower 


Cam 

Fuel  Transfer  Pump 
Sediment  Bowl 


^7 


Parts  And  Design  Of  Pumping  Element 


Control  Rack  And  Sleeve 


■dm 


Delivery  Valve 


Control  Rack 


Cbrttrbl  Sleeve 


.      Control,  RacH,  SleeVe/an^  DeliyerYrValve 


•  ^  •  •  V.  - 
ERIC  : 


Control  Rack 

^  V  ■ 


.  Cpntrol  • 
'  Sleeve 


Control  Flange 


Barrel 
plunger 


Plunger  Rotation  Mechanism. 
(American  Bojsch  AMBAC  Industries, 


Inc.) 

7.to' 


00  . 


Plunger  Positions  At  Fuel  Delivery 


No  Fuef  Delivery 
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Partial'fijel"  Delivery 


M aximum.  Fuel.  Delivery  . 


;  .*  *  f    .  «  — ^       -  '       ^  ^''•^''V-vvt-^- 

.v^V.;^  ^-j^U"  •'*>r  /  V  >' 

.V -"MVu,  >  '^j^^ji..  ^ 
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IN-LINE  IINUEGTION  PUMP    "  , 

UNIT'  III  •  -  ■■     \  "  ■  • 

-    rJOB  SHEET  #1--BENCH  TEST  IN-LIME  INJECTION  PUMP     '  ' 

(NOTE:  The  jotx  sheet  detailed  here  is  gene/al  and  requires  the  use  of  a  test  stand  manual 
pump  specifications  sheet,  and  the  appropriate  engine  servfce  manual.)  ' 

I.    Tools  and  materials. 

A.  Basic  hand' tool  seV  *       •  "*  *        \  \ 

B.  .Test  standard  adapters 
Test^stand  manual  .  _ 

D.  Pump  tools  *    '  \ 

(NOTf :  In,  addition  to' basic  hand  tool  set  you  may  need  a  special  tool 
^     set  for  the  pump  you  are  working  on.).  ,  . 

E.  Pump  >  -    ^  ^ 
r\    rump  specification  sheet  and  appropriate  service  manual 
G.    Lint  free  sHop  towels 


afety  glasses        ■       ,  \  * 

f  I.    Procedure  •        •  ^  ' 

A..  Thoroughly  clean  ^omp  exterior 

Rotate  pump  camshaft  two  or  three  comiJlete\ttirns 


(NOTE:  If  camshaft  turns  abnormally  hard  or  will^not^urn.  pump  must! 
be  disassembled  and  rep^.ired.  See  appropriate  techhical  manual.)  . 

C.  >repare  test  stand  as  required.  .  '     '    *  ^. 

D.  Attach  pump  ,wL 

(NOTE':  Use  appropriate*  Adapters  and  procedures  as  specif iea^lrv  test  stand 
manual,  pump  specifications  sheet,  anti  sen/ice^,  manual.) 

&>    Check  and^  adjust  pump  -timing  or  port  closure  using  pump  specification 
sheet  and^appropriate' -service  manual  ^ 

"       "     "  ^  -  ' 
(MOTE:  Port  closure^Ms  , defined  as  .the  position  of  the  plunger  >s  it  moves  . 
upward,,  at  the  instant  the  barrel  ^port^s  just  completely  covered  and  fuel- 
flow  stops.  With  the  control  rack  locked  in  the  12mm  position,  the  plunger 
wiir  be  correctly  notated'so  that  port  closure  wilf  take  place  pn'thfe  extreme 
top  edge  of  plunger,  ipstead  of 'on  the  retard  notch.)  ' 


90€  • 


> 


^ » 

0' 


JOB  SHEET  #1 


^    1.       Check/pump  timing-low  pressure  method 

(NOTE  r  The  low  pressure  timing  method  must  be  used  if  the 
test  stand  is  notVquipped  with  a  high  pressure  pump,  This.method 
^     requires  the  removal^of  the  delivery^vaiVe,  stop  and  spring,  apd 
^.  delivery  valve  hoPder  for  e^ch  of  .the  plungers.  If  the  test, stand 

f  /  '  is  equipped  with  a  high  pressure  i&ump,  the  high  pressure  tihiir>g 
.  f  niethod  rs  preferred  to^  the  low  tinrnng  method,  since  the  delivery 

/     •  .         vaive  a'nd  ^relatecT  parts  do  not  have^  to  be  removed.)*^  ^ 

(CAUTION-.  To  pnsvent  possit^  injury,  do  not  corinecrhose.to 
»    .        high  pressure  outlet"  pn  test  staijiTwhen  using  this  method.  The 
hi^h  pressure  pump,  supplies  test  fuel  at  approximately  700  psl 
pressure.  The  low  pressure  installation  is'inten^e^l.for  the  use  of  k 
test  fuel' subjected  to  70  psi  or  less.)  ' 

2.       Check  pump  aiming- Low  pressure  method  ^ 

■  --v    ■  .    ;  X  . . 

(NOT^ :  The  high  pressure  outfet  ^nables  the  injection  pump  to, 
be  ch^ecked  for, port  closure  without  having  to  remove  the  delivery 
y;v-i«lve,*  spring  and  spacer,  and  delivlSfY  valve  ^holder.  On  some  of 
the  other  model  test  stands,  a'mobile  high  pressure  unit  fs  available 
^  to  perform  higf\  pressure,  timing  of  tf^^  injection  pump.  <Use  the 

.  .    *  followif^g  procedure- to  'prepare  pujjip  for  high  pressure  ti>|Tiing.) 

F.  OfJqrate  pOrrip  to  bring  tenriperature  and  pressure  lip^to  nrtanufacturer's 
specif iqation     •  "  ^ 

(NOTE:  Until  now,  tests  and  adjustments  were  ni^de  without  driving  the 
injecljoi**pump,  To^^finish  adji^sting  the  g6vernor  (and'-^o*  make  other 
-  adjtistments  as  well),  it  will  be  neces^Sary  ^to  drive^ the  injection  ,pump^ 
Therefore^  to  prevdnr  pump  daiflage,  be  certain  that  pump  is  filled  with 
oil  to  the  proper  leveL)  '  '        '  / 

G.  Adjust  pumping  elements,  r^ck  position  and  speed 

(NOT^:  This  IS  done  to  balance  delfvery^  Check- pum*p  specfffcation  sKeet 
and  appropriate  service  maniJal  Jpr  exact  amounts.)    ^  .  .  ^ 

^H..  V5<djust  goverrfor  \  v  • 


(NOTE:  Specification  Ih6et,  and  service  manual  settings  should  be  followed  , 
exactly.  Variations  from  prescribed  settings  can  cause  engine  to  run 
improperly.)  •  '\  \ 


.ERIC  * 
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*     ■  JOB  SHEET  #1 


i.     Replace  all  covers 

J.     Run  pump  and  check  for  leaks 

K.    f^em'ove  pump  from  -stand 

9  j'.'  ' 


*L    Seal  t)ump  /  ' 


(NOTE:  Use  seal  wires,  cap  all  pump  openings,  and^epaint  the^  pump.) 


4    *  ^  -> 


i' 


IN-LINE  IjVjJECTION  PUMP 
"UNIT  III 


r 


NAME. 


TEST 


'Match  the  terms  on  the  right  to  the  correct  definitions. 


_a.  Setjds  iuel  at  low  pressure  through  filters 
to.  the  injection  pump 


b/  Machined   recess  forming  a  ring  on 
punnping  plunger 

>  cL  Located  at  right  ar-igles  tg  the  plane  of 
*   -     the  supporting  surlFace  ,    ,  ~ 


_d*.  Spiraled,  machined  recess  on  pumping 
plunger 


■  \ 

__e.*  Long,  narrow  fljel  'or  oil  passage 


1. 

Annular 

groove 

2. 

Helix  , 

3. 

^Gallery 

4. 

In-line 

injection  pump 

5. 

^  Transfer  pump 

(supply  pump) 

6 


 f.-  Deviqe  which   limits  fuel  supply 

^  .:./engine,  preventing  excess  smoke 

^.g.  Uses  -an    individual   pump   for  each^ 
cylinder  with  "pumps  mounted  in*lihe 


Ply  to/ 


Vertical  slot 
^Aneroid 
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Match  the  main  parts  pi  the  in-line  pump  to  its  name  by  placing  the  corredf 
numbers' in  the  appi;(;^griate  blanks.         ^  ^  <  -     -  ^ 


ja.  Corftrol  rack 


_b.  Govfemor 
c.  Sediment  bowl 


 g.  Hand'  primer 

^  h.. 'Injection  line  ' 
 ^i.  Punil^  housing 


^d.  Ar^eroid 


J.   LiBaVoff  line. 


e.  Fuef' 'transfer  puiVlp     '  '  *  I<'  Camshaft  , 


f.  ^  Individual  pumping  element  ^ 


3.       Trace  thfe  fuel  flow  from  supply  tank  to  delivery. 
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4.       State  the  purpose  of  'the  hand  primer. 


^  .  5. 


Explain  the  puiyise  of  .  the  fuel  transfer  pump,  S  ' 


4  * 


•6. 


•^Discuss:  t^^operation  of  the  mjectipn  pump. 


7. 


i^Mjpter^land  de^fi 'features  c?f  tbo^^pump'^hg  element. 


/'V 


a. 


'>  96-E 


1^ 


( 

8.       Explain'' the  operation  of  the  control  rack  and, sleeve. 


9/^     Stat^vtbe  purpose  of  the  delivery  val^e. 


KErIc 


? 
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10.  .     Identify  the  plunger  and  rack  positions. 


^a.^  No  fuel  delivery 
_b:  Partial  fuel  delivery 


7 


^'-tc*^     Denionstra^  the  ability  to  bench  test  an  in-line  injection  -^mp.* 

^  (NDTE:  If  this" activity  has  not^beeaaccdmpHshed  prio/  to  th^  test,  ask  your* 
~    tJ^^tractqr  vyhen^lt  s^jQuld^be  ^ort^leted.)     "     '  '    .  *  \ 


a.  5 

b.  -  -1 

c.  J 

d.  •  2 

-b.-  11 
c.     7  ■ 
,d.  1 


IN-LINE  INJECTION  PUMP 

'  UNIT  III 
s 

ANSWERS  TO  'TEST 
*     e.  ,3  . 


-f. 

g- 

e. 
f. 

r 

h. 


J 

4 

8 
2 
6 
3 


i.  5 
9 


D  -  99-E 


•  a.     Fuel  is  drawn_^from  supply  tank  through  primary  filter  by  fuel  transfer 
-pump     -     '     .  ^ 

b.  .  Transfer  pumRf  forces  fuel  under  low  pressure  through  secondary  filter  and 

through  fmal  slage  filter  to  each  injection  pumping  element 

c.  Pumping  element  meters  fuel  at  high  pressure  to'each  injection  nozzle  for 
delivery  .to  combustion  chamber 


Hand  pVimer  on  fuel  transfer  pump  can  be  operated  by  hand  to  pump  fuel 
.when  bleeding  the-system  .  ?     ^  _  ' 

Expl^natibn-^ould  include:  -         '  ^  * 

a,  ^   Draws^  fuel  from  supp^  tank  through  primary  filter  v  .  - 

b.  Assures  fuel  supply*  to  injection  ^pumping  elements 
Discussion  sjpould  include:'  '  . 


JL^  Plunger  type  f)ump  h'as  engine  driven  camshaft  rotating  at  half  engine  s'pee^ 

b.     RoJler_cam  followers,  riding  on  cam  lobdt /operate  the  plungers  to  supply 
high.pressHi;^fuel  through  delivery  valves  to  injecti-on  nozzles  "  • 


7  /' 


1  1 


a.  Spill  ports 

b.  Barrel 

c.  Plunger  ^ 

d.  Vertical  slot 


e. 


+)elix| 


f.     Ann^r  groove 
Explanation  should  include: 


a.  GoyernQr  moves  rack  to  regu latfe, speed  , of  engine 

b.  The  sleeve,  f  otated  by  the  control  rack,  is  fitted  over  the  6arrel  and  connects 
to  the  vanes  on  the  plunger  '  \ 

c.  Plunger  rotation  opens  or  closes  the  helix  which  meters  the^  quantity  of 
fuel  for  delivery  to  cylinder 

'  A- 

The  delivery  ^valve -creates  a  sudden  pressure  drop  in  the  delivery  line  causing 
the  injector  nozzle  valve  to  close?  instantly  ♦ 

a-.  ,2-  ■ 

b.  1        -  •       '  1  .  ,    '       ,  ^  ' 

c.  3         ^        '   '      '  -  ■       '  '.^ 
Performance ^^'1   evaluated  to  the  satisfaction  of  the  instructor 
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UNIT  INJECTOR' 
UNIT  IV 


.  UNIT  OBJECTIVE 


-  / 


Afl^'.-completion  of  this  unit,  the  ^tuctent  should  be  able  to  list  the  functions  of  the 
unit  injei^tor  arrd  match  the  parts  of  the  unit  injector  to  p*art -names,  The  student  should 
.also  be  able  to  discuss  fuel  ftow  and  explain  hcSyv  fuel  is  metered.  This  knowledge  will 
be  evidenced.throCigh  demonstration -and  by  scoring  eighty-five' percent  oivthe  unit  test. 


SPECfFIC  OBJECTIVES 


Aft%,completion  of  this. unit,  the* student  should  be  able  to:"" 


1 


1. 

2. 
.3. 
4. 
5. 
6. 


'  Watch  terms  associated  with  the  unit  injector  to  the  correct  definitions. 

"^Match  the  parts  of  the  unit  injector  l^the  correct,  part  names.^ 
List  functions  of  the  unit  injector.  *  '  ' 

Discuss  fuel  flow  through  the  unit  injector  fuel  'systerri 
Explain  how  fu^l  is  nfietered' during  the  injection  stroke.  ^ 
DemonS;trate..the  ability  to:  *•  '     •  .  . 

ar    Remove  unit 'injector  from  engineT 

b.  •  Disassembfe  unii  injector.  ^ 

c.  Assemble  unit  injector.  "  * 

d.  Test  unit  injector.     "        ;c  ..c.  ^ 

*  ^  if      *  " '  * 

e*     Install  unit  injector.  o      '  ^ 
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UNIT  INJECTOR 
~  UNIT  IV  . 


SUGGESTED  ACTIVITIES 
Instructor:       .4  * 

i  ^ 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  information  and  job  sheets, 

C.  .  Make  transparencies.         "  ' 
*D.    Discuss  unit  and  specific  objectives.        •  ^ 

E,  Discuss  information  sheet. 

F. V^emonstrate  and,  discuss  the  procedures  outlined  ifi  th§/j^b  sheets.  . 
G^~DeTnonstrate  lapping  and  cleaning ''procedu res. 
H.    Give  test.  * 


Student: ' 
A.    Read  objectfve  sheet. 

,  St^lBy  information  sheet. 
-C.  '^Complete  job  sheets. 
D.   .Take  test. 


J/ 


INSTRUCTIONAL  MATERIALS. 


Included  in'  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1.      TM  1-Onit  rnjector     '     .  -  -      ^  •.'» 

TM  2-Parts  of,  Unit  Injector  '(Needle  Valv^V  ;  ' 
TM  3-^^el  Ftovv  Through  Unrt  Injector^Crown  Valve)"' 


2. 

3. 
4. 


T>M  4-pRinger  Positions^  ^ 


.  104-E. 


D.    Job  'sheets 


1. 

Job 

2. 

'job 

3. 

Job 

4. 

Job 

5. 

Job 

Test 

-AS;' 


^ 


Job  Sheet  #1-Remove"  Unit  Injector,  from.  Engine 


Job  Sheet  #5-lnstall  Unit  Injector 


F.    Answers  to  test  ^  .  '  ♦ 

IJ.  Reference-S?/v/ce  Manual,  Detroit  Diesel  Engines^  Detroit/Michigan: 
^      Diesel  Allison,  1975.  *  \        .  .        .  \ 


9- 

Detroit 


\ 

I 


^5. 
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UNyf  INJECTOR 
iJNlf  IV 


inform/^tiOn  sheet     \  .  \ 


I.  •Terms  and  definitions.  f*^*                        "                 ,  .  ^ 

^      •  * 

A.  ^pray.  valve-Serves  as  a*  nozzel  to  atomize  fuel  sprayed  into  combustioo 
chamber         ^  .  ^        .       ■                        ■  * 

B.  .  Helix-SpiralecT" ^ecess  machined  into  plunger      •  '  '  - 

C.  Port-Drilled  passage  in  bushing  i  «       :  .       *  ' 

D.  Control  rack  and- gear- Rack  and  pinion  gear  arrangement.on  unitjnj^tor 

E.  Bushing-Sen/es  as  a  barrel  for  the  plunger  on  the  unit  injector  ' 

F.  Unit  injegtor-lnjection  pump,  injector,  and  spray  valve  form  a  single  unit 
.  (Transparency  1) 


< 


(NOTE:  One  unit  is  provided  for'eacK  cylincter.),. 
II.  **Parts  of  .unit  injectors  (Transparency  2)  ' 


A. 

Follower 

•  -B. 

Follower  *sp(Hng 

C. 

Stop  pin 

*  • 

'  D. 

Filter  cap 

Plunger 

F.  . 

Gasket 

• 

P^njectoi;,body . 

.  H. 

,  Filter 

♦ 

I-. 

Gear 

J. 

Gear  retainer 

\ 

•  Dowel 

L.-  Control  rack 
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INFORMATION  SHEET;  ' 


Seal  ;5 
N.  Bushing 

0.    Spill  deflecter    .  '       *  i . 

"If^.     Lower  port  '  • 

Q.    Upper  port 
*    R.  '  Cheek  valves  -  ; 

S,     Check  yalv^  cage  . 
/  Tt*"^  Valve  spring 

U.    Spring  cage 

V.    Spring  seat       *    .       '  . 
W,    Needle  valve. 

X._  Body  unit;^^  ^ 

Y..  Spray  tip  /  ^  '  ^    .     '  - 

V  - 

Z.     Identification-  tag 

III.  Functions  of  the  unit  injector 

A/^  Creates  a  high  fuel  pressure  \  '  r«*  '      '  > 

(NOTE:  This  is  needed  tor. efficient*  injection.)  -^^^ 
B.  .  lyieters  required  amount  of  fuel  *      ^  '  / 

C  '  Atomizes  the  fuel      ^     •   .  -       '       /  * 

D.    Times  injection  "  '  , 

.  E.     Injects  fuel  >     ^  . 

(NOTE:  -^uel'and  air  are  mixed  in  the  combastiqn  chamber?) 

IV.  Fuel  flow  through  the  unit  injector  fuel  system  (Transparency  3) 

A.  Enters  injeiSor^through^  a  filter  cap  and  filter 

B.  >^asses "through 'drilled  passages  ^apd  ports*,  into  supply  chamber 

^  -       -  . 

(NOTE:  Th&^sappfy  chamber  is  that  area  between  the  plunger  bushing  and 
the  spill  .deflector,  in  addition  to'that  area  under  the  injector  plunger  within 
/4he  bushirig.)  «  *  ' 


■  '  *  ,  ^  INFO.RMATLON  SHEET       -         ^  ^  - 

.  C.  .  Pump  pressure  forces  fuel  through  smaff  orifices  in  spray  tip 
D.    Atomized  into-combUstion  chamber 

Meterrng  fuel  (Transparency  4)    *  '  '  - 

(NOTE:  Ch^nging^the  position  ^ the  helfces  by  rotating  the  plunger  increases 
.or  dicreases  the  amount  of  fuel  injected  i^nto  the  cylinde/.)' 


A.  No  injection 

J.    ^  Control  rack  out 

2.  *     Upper  port  is  not  closed  by  helix 

B.  *.FuH  injection  1  .       -  ;  " 

1.  •  .  Control  rack  in  ' 


2-       Upper  portJs\ closed  and' lower  port  is  clos^by  helix 


*.  Follower  Spring 
-Stop  Pin 
Plunger 
^^ear 
Gear  Retained 
Bushing 
-Spill  Deflector 
Lower  Port 
Check^Valve 
Valve  Spring 
Needle  Valve 

Spray  Jjp' 


Follower 


Paris  Of  Unit  Injector 

Needle  Valves 


/ 


Filter  Cap 
jjasket 

Injector 
Body 

liter 

[-♦-Control 
R^ck 


Dowel 

l^Ppprfort 

Check  Valve  Qage 
Spring  Cage 

S^Pf.ing  S^at' 


Metal   Identification  Tag 
Pressed-lnto  Recess  In 
Injector  Body 

Idenification  Mark' on 
Plunger  ^  .'        '  ' 


Identification  *Mark  on 
End  of  Spray  Ttp  ■ 


^-^^  <^^^-^|'"ie«o[sWnh*^ieedleva^  See  identification'tag  on  injector 

:;  ^^^h::J&^  ^.^^^^"^'"^  yp,^  '"ie^o--  valve  in  use„  Refer  to  service  manual  fSf  correct  nS 
^'-r--  /  .         .  ^^-^^  reworking sj:own  valv>,  needle  valve,  hi^h  valve/qr-  coirvdJ^sipX  Se., 


t 


*5f«  '  « -  TV. 


V 


•  -Ik 

Unit  Injector 

Crown  Valve 
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:Check  Valve 


'  \Ym  3 


Plung6r 


Upper' 
Porf 


Plunger  Positions 


Effective 
Stroke. 


Effective 
Stroke 


Effective 
Stroke 


Lower 
Port 


No  Injection Idling  Lpad 
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Various  plunger  positions  frorg  fld^oaff1qipi|pad  of^ 


•UNIT  INJECTOR 
UNIT  IV 


JOB  SHEET  #1--REM0VE  UNIT  INJECTOR  FROJVI  ENGINE  '  '  • 

L    Tools  and  materials 

A.  Needle  valve  fuel  injector  ^  •       '  ' 

(NOTE:  Foi^pecific  instalfations*  and  models  get  detailed  service  from  the 
'  manufacturer's  service  manual.) 

i 

B.  Hafnd  tool  set  ?     -  ,  - 
*  C.    Pry  bar  (^^^^                '     '          '                '     '  ' 

D.  Shop  towel  (lint  free)     '  ,  »      •  ^ 

< 

E.  Safety  gla^sses       _  '  ^  •        _  v  «  - 
I.    Procedure        o                            —                       ,  ' 

A.    f^move  the  \/alve  rocker'cover  *  ^ 

3.     Retnove  the  fuel  pipes  from  both  the  injector  and  the'-^fuel  connectors>- 

/  Pini  I         1  \ 

■^^^    Rocker  Arm 


(Figur-e  1) 
FIGURE  1 


Injector 


InjectolH^mp* 


Dowel  Pin 


Injector  Hole  Tube 


Rack  Control  Lever 


Injector  * 
'ontrol  Rack 


(NOTE:  Immediately  after  removal  of  the  fuel  pipes  from~an  Injector,- co^er^ 
the  filter  caps^yith  shipping  cap^.to  prevent  dirt  from  entering  the  injector. 
A^so  protect  the  fuel  pipes  and  fyel-connectors  from  entry  of  dirt  or  foreign 
material.)  '      ^  *  • 
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C.     Rotate  tf^"^  engine  to  bwng  the  outer  ends  of  the  push-rods  of  the  injector 
*    and  valve  rocker  arms  nn  line  horizontally 


twc 


D.    Removethfe  two  rocker  shaft  bracket  bolts  and  swing  t|?e  rocker  arms  away. 
— 4^m  the  injector  and  valves  (Figure  2)/^ 


^FIGURE  2 


E.  Remove  the  injector  clamp  bolt,  special  washer,  and  clamp 
•   .  ^  '  ^  ^  ; 

F.  -Loosen  the*inner  and  outer  adjusting  screws  on  tlie  injector,  ra^k  control 
_     lever  and' slide  the  lever  away  from  th^  jjpjtctor      "  ^ 

G.  Lift  the  injector  from  hi  se^  in  the,  cylinder  head  (Figure  2) 

c 

H.  Cover  the  injeo^  hole  in  the  cylinde/  head  to  keep  foreign  materiaLo.ut 

I.  __Cl5.an  the  exteri-or  of ''the  injegtor  wit^i  clean  fuel^oH  and        it  wifli 
compressed  air    •        ."^  .  •  •  •  , 


735 


UNIT  iWJECTORf 
UNIT-JV^ 


JOB  SHEET  #2--DISASSEMBLE  UNIT  INJECTOR 

I.    Tools  and  materials'       •   ^  '  *  >  ' 

^'•A.    Needle  valve  fuel  injector  -  " 


r 


(NOTE:  for  specific  installations,  and  models  get  detailed  service'  and 
specifications  from  the  manufacturer's  service  manual.  Normally  in  industry 
un>t  injectors  are  pretested  before  disassembly.)  ^ 

*  ..  • 

B.  .  Injector  nut  SQckfit' wrench 

C.  Injector  5j?ray  tip  driver  .  -  *  - 

B.    Injector"  vise  and  -rack  freeness  tester  "  ' 

:  .    •  — 

E.  Hand  tool"  set  v  '  ^ 

F.  Shop  towels  (lint  free)  '  ' 
,G.    Safety  glasses       •  ^   ,  ' 

Procedure      *  '      •  • 

A.    Support  the-lnjector  upright  in  injector  vise  and  rack  freeness' tester  and 
femove  the  filter  caps,  springs,  filters,  ^nd  gaskets  (Figure  1) 


FIGUR€  1 


"  V  . 

(NOTE:  Whenever  a  fuel  injector  is  disassembjid,  discard  the  filters  and 
gaskets,  and  replace  with  new  filters  and  gasketsj  ■ 
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B.  Compress  the  follovyer  spring  and  raise  the  spring. above  the  stop  pin  wjth 
a  screw  driver  and  withdraw  the  pin  and  allow  the  spring  to  rise  graduaHy 
(Figure  2)  "  ' 


'FIGURE  2 


C.    Remove  the  plunger  follower,  plunger,  and  spring  as  -an  assembly  (Figur$  '/ 

3)  .         ■   .        °  '  - 


FIGURE  3. 
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D.    Invert  -the  fixture  and,  usingJnjector  riut  socket  wrench,  loosen  the  put- 
on  the  injector  body  (Figure'4)  *  "V^^ 

FIGURE  4 


/ 

Lift  the  injector  nut  straight  up,  being.careful  not  to' dislodge  the  spray 
^tip  and  valve  parts       .  '  . 

Remove  the  spray  tip  and  valve  parts  from  the  bushing  and  place  them 
in  a  clean  receptacle  until  ready  for  ^sembly    '  ^ 

i  ^  J  * 

(NOJE:  When  an  injector  has  been  in  use  for  some  time,  the  spray  tip', 

even  though  de^n  on  the  outside,  may  not  be  pushed  readily,  from  the 

nut  with  the  fingers.  In  this  event,  support  the  nut  on  a  wood  block  and 

drive  the  tip  down  through  the.  nut,  usipg  the  injector  spray  tip  driver. 

See  Figure  5.) 


JOB  SHEET.  #2 


G.    Remove  the  spill  deflector  and  the  seal  ring'frotn  the  injector  nut  (Figure 
«  6) 


FIGURES 


Seal  Ri 


Spray  Tip 


Spill  Deflector 


Valve  Cage 


Vake  Spring;, 


'Check  Valve 

■  ^ 

Vajve  Stop 
Injector  \^lve 

Bushing 
iGear  Retainer ' 

Control  Rack 

Injector  Body 


H/  Rennove  the  plurfger  bushing,  gear  f;etainer/and  gear  from  thplnjector  body 
I. .   Withdraw  the  injectors  control  rack  fromflhe  injector  body 
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UNIT  IV  ' 


JOB  SHEET  #3" ASSEMBLE  UNIT  INJECTOR 


I.    Tools  and  materials  * 

.    A.    Needf|  valve  fuel  injector  *      *  ^ 

(NOTE:   For  specific  installations  and  -Rifdels 'get  detailed  service  and 
^specifications  from,  the  manufacturer's  service  manual.) 

B.    Injector  vise  and  rack  freeness  ti^er     ^     '     '  *  , 

t     *C.,«  Injector  nut  socket  wrench  '  * 

D.  9/16"  deep  well  socket  , 

E.  Torque,  wrench        *  ^ 
Hand  tool  set 


G.  Shop  towels  flint  free) 

H.  Safety  glasses     /  *  * 
n.    Proc€(;iure      v  ^ 

a;    Assemble  injector  filters 


(NOTS^i  Use  an  extremely  clean  bencft  to  work  on  and  to  place  parts  when 
assembling'an  injector.  Also  be  sure  all  injector  parts,  both  new  §nd  used, 
are  clean.  Flush  parts  in  fuisl  oil^^pr  calibrating  oil  during  assembly.) 

i:       Study  r6l^tive  position  of  injector  parts  (Figures  f  gnd.  2) 


TJGURE  1 


Injectpr  Body 
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Follower 


Follower  Spring 


InjectoK  Body 


Control  Rack 


Plunger 


rStop-Pin 


NPUt 


Spray  Tip 


2.  While  holding  the, injector  body  right  side  up,  place  a  new  filter 
V  (slot*  in  .the  filter  up  or  toward  .tl^e  filter  cap)  jn  each^f  the 

fuel  cavities  in  the  top  of  the  ijijector  body  (Figure  1) 

3.  Place  a  spring. on  top  af  each  filter  (i/an  early  design  filter  cap 
is  used)  and  a  new  gasket  on  each  'filter  cap 

4.  Lubricate  the  threads  and  install  the  filter  caps  *  » 

•  7 

5.  \  Use  a  9/16"  deep  §pcket  wrench  and  tighten  the  fjjter  b^aps^to 

specified  torque'    ,  ^  /  '  . 

6.  Purge  the. filters  after  installation  by  directing  compressed  ^irior 
fuel  through*  the'^filtef  caps  '  . 

7.  InstaH,  clean  shipping  caps  on  ^he  filter  caps  to  prevent 'dirt  from;, 
entering ''the  injector  •        *  ^  ,  t 
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B.    Assemble  rack  and  ggar  ^ 

.  .  (NOTE:  Observe  the  drill  spot  marks  (timing  marks)  on  the  control  rack 
and  gear.  See  Figure  3.)       «  . 


FIGURES 


Seal  Ring 


Spray 'T(l^ 


Valve  Cage  — 

Valve  Spring 
Valve  Seat 


Gear 


Spill  Deflector 
r^Check  Valve. 


I. 


Gear  Retainer 
Control*  Rack 

Injector  Body 
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.  1 .       Hold  the  injector  body,  bottom  end  up,  and  slide  the  rack  thj-ough 
the  hole  in  the  body  ^ 

,  2.  f    Look  into  the  bore  for  the  rack  teeth,  theh  nfiove  the  rack  until 
^  you  can  see  the  drill  marks  and  hold  the  rack  in  this  position 

3..       Place  the  gear  in  the  injector  body  so  that*the  marked  tooth 
is  engaged  between  the  two  marked  teeth  on  thg  rack 

\   '    4.       Place  the  gear  retainer  on  top  of  the  gjpar 

5.       Align  the  Ideating  pin  in  the  bushing  with  the  slot  in  thelnjector 
body,  then  slide  the  end  of  the  bushing  into  place 

C.    Assemble  injector  l^lve  arjcJ'  related  pa^s  - 

(NOTE:  Make  sure  the  injector  valve  and  related  p^rts  havsi  been  japped 
,  and  cleaned. 'See  Figure  3.} 

L       Support  th^  injector  bgdy,  bottom  end  up,  in  the  injector  vise 
and  freeness  tester  '  ■ 

2.  Place  a  new  seal  ring  on  the  shoulder  of  "th^  body,  then*slide 
the  spill^eflector  over  the  barrel^  of  .Jhe  bushjng 

3.  Place  the  vatVe  seat  on  the  end  of  the  bushing  and  insert  the 
stem  of  the  yafve  m  one  end  ^of  the  valve  spring  and  the'valve^ 

%  stop  in  the  other*  end  ' 

;  4.  -  Lower  the  valve  cage  over  this  assembly  so  thatthd^alye  stop 
seats  ift^the  cage  and  place  the  valve  cjge  assembly  on 'the  valve 
seat 


5.       Locate  the  check  valVe  centrally  on  the  cage  and  place  the  spray 
tip  over  the  check  valve  anc^gainst  the^  valve  cage'  • 
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JOB  SHEET  #3 


I 


6. 


Lubricate  the  threads  in  the  injector  nut  and  carefullylhread  the 
nut  on  the  injector  body,  by-hand-352?,  ^  ^^^'l 

1WQTE.:  Rotate  the  spray  tip  betvS^n  your  thumb  and -first  finger 
while  threading  the  nut  on  the.  injector  body.  See  Figure  4.) 


FIGURE  4' 


7.       Tighten  the  nut  as  tight  as  possible  by  hand 

(NOTE:  At  this  point  there  should  be  sufficient  force  on  the 
^   spray  tip  to  make  it  impossible  to  turn  with  your  fingers.)  - 


PRir 


JOB  SHEET  #3 


8.    lyse  .injector  nut  soc1<et  wrehch  and  a  torque  wrench  ta  tighten 
,     rKe.  in^ector^  nut  to  specified  \^orque/( Figure  5)      ,     ,  * 

(NOTE:  Do  not  exceed  the  specifipd"  torque.  Otherwise,  the  nut 
may  be  stretched  and  result  Ln  improper  sealing  of  the  lapped 
surfaces  in  a  subsequent  injector  overhaul.  Avoid  cross  threading 
the  nut  during  installation.) 

4 


\ 


FIGiJRE  5. 


D,    Assemble  plunger  aad  follower  ^ 

1.  v'   Slide^  the  head  of  the  plunger  into  the  follower  (Figure  2) 

2.  - 


Invert  the  injector  in  th'e  assembly  fixture  (filter  cap  end  up) 
and  push  the  rack  ^11  the  way  in;  then  place  the  fojiower  spring 
on  the- injector  body 


3.       Place  the  stop  pin  on  the  fnjector  body 


rests  "on^the  na/row  flange  of  tlie  st^p  pin 


so^that  the  'follower  spring 


4,  ->  '  Align  the  slot  in  the  follower  with  t^itop  pir^hole  in  thie  injectbr 
'body   '  .  .  Jj  \  . 

5, 


♦   \ 


Align  the  flat  Sijje  of  ^he  plunger  with  the  slot  in  the 


6,  %'  Insert  .the  free  end:  of  the  p^nger  in  the  iTijeirkir^oily.  ^' 


follower 
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.1  ^ 


7. .     Press  down  on  the  follower  and  at  the  same  time  press  the  stop 
,  pin  into  position  (Figure  6)-^^^ 


(NOJE:  When  in  place,  the  spring  wilhhold  the- stop  pin  In 
posi!ion.) 


.F^fGURE  6 
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'      UNIT  IJMJECTOR  . 
UNIT  IV  ' 

.JOB  SHE£T  #4--TEST  UNIT.  INJECTOR 

J   -  .  '   s    '•     "  • 

Tools  and  materials 

A.  Needle  valve  fuel  injector*     ,     -  . 

(NOTE;  For  specific  installations  and  models  get  detailed  sei^/ice  and 
specif ication§  from  the  manufacturer's  service, manual,) 

B.  Hand  tool"  set       '       •  ^ 

C.  Injector  vise  and  cack  freeness  tester  \ 
6.  Injector  tester 

E.  Comparator  injector  tester  or  '  >t 

F.  Appropriate  calibrator  injector  tester  (See  Figures  5  and  6)'-  ^  ' 

G.  Shop  towel  (lint  free)  ^  '     -  ^ 

H.  Safety  glasses  _  * 

Procedure         %    '  ~  \  • 


(IMeiTE:  "identify  each  injector  and  record- the- pressure  drop  and  fuel-output 
as  indicated  by  the  following  tests.)       "  ,  4 

A.    Test  injector  control  /ack"  anc^'  plu^iffer  movement  '      .  ~ 

■1.       Place  the  injector  in-  the^^jector  fixture  and  racMreeness  tester 

•     2.    >  >lace  the  hancfle  on  top  of  the  injector  follovyer.  (Figure  1) 

FIGURE  1     ^  ./  \  \    _  ■     \  ^ 
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.         I         '  J0B_SHEET-#4  '  * 

(NOTE:  If  necessary,  adjust  the  contact  screw  in  the  handle  to  ^ 
ensure  the  contact  screw  is  at  the*  center  of  the  follower  when  \ 
'  ther  follower  spring  is  compressed.)  -  *  .S 

3.  With  the  injector  controUrackJielfi  in  the  no-fuel  position,  push 
the  handle  down  and  depress  the  follower  to  the  bottom  of  its 

.  stroke  '  .  *     ^  ^ 

4.  Very  slowly  release  the  pressure  on  the  handle  while  movioa  the 
control  rack  up  and  down  until  the  follower  reaches  the  top  of 
its  travel  (See  Figure  1) 

<^     •  *  (NOTE:  If  the  rack  does  not  fall  freely,  loosen  the  injector  nut, 

:  '  .  turn  the^ip,  then  retighten  the*iiut.  Loosen  and  retighten  the 

nut  a  couple  of  times  if  necessary<i.  Generally  this  will  free  the 
rack.  Then,  if  the  rack  isn*t  free,  change  ttte  injector  nut.  In  some 
cases  it  may  be  nepessary  to  disassemble  the  injector  to  eliminate 
^  ^,  ^       .         cause-xrf -the  mtsalrgned  parts:). -  — ^       ^     ^  .      _  - 


B.    Test  mjector  valve  opening  pressAjre,  ^  ^« 

(NOJE:  The  purpose  of  the  valve  opening  pressure  test  is  to  determine 
the  pressure      which  the  valve  opens  and  injection  - begins.)— 
% 

%  V 

1.  Place  the  injector  in  the  tester  with  the  dowel  on  the  underside 
of  the  injector  located  in  the  proper  slot  of  the  adaptor  plate 

2.  Position  the  injecpr  handle  support  to  the  proper  height^(F.igUre 

2)  .    ^, 

.(NOTE:  When  testing  an  injector^ust  removed  from  an  engine, 
•the  flow  of  fuel  through  th# injector  on  the  tester** should  be 
the  same  as- in  the-engine.''Co;<nections  ort  the  te^t  tiead.of  the 
tester  may  be  changed  to  obtain  the  correct  direction4)f  flow.) 
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(CAUTION^  Always  place  the  injector  in  the  proper  position  in 
relation  to'the  spray  deflector  before  it  is  tested  to  prevent  the 
fuel  spray  from  penetrating  the  skin.  Fuel  oiTwhich  enters  the 
blood  stream  can  cause  a  serious  infection.) 


Close  the  inlet  clamp  and  operate  the  pjjtp^  "handle  untij  i 
the  air  is  purged  from- the  injectorHester^a^the  injector, 
close  the  outlet  clamp         '^^  •      »  ' 


al>  of 
then ' 
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With  the  injector  rack  in  the  full-fuel  position,  pump  the  handle 
of  the  fnjector  tester  with  smooth;  even  strokes  and  record  the 
injector  valve  opening  pressure  Indicated  when  the  injector  Sprays 
fuel  (f^'igure  3)       ,  v     .    '      •    '  ^ 


Fj<3URE-3 


(NOTE:  The  specified  valve  openirfg  pressure  is  450  to  850. psi. 
If  the   pi^ssure   is   not  •  witHln  'the  above   range,  rejer  to, 
manufacturer's  troubleshooting  cha'rtj 


InjectdrjValve  holding  pressure,  test. 


injeciori 


(NOTE:  The  injector  valve  holding  pressure  test  wiH  determine  whether 
the  various  lapped  surfaces  mo,  the  injector  are  sealing  properly.)  '  ^ 

1.  "Operate  the  punnp  handle  *to  bring  the  pressure  "up  ^o  a  point 
just  below  the  injector  valve  opening  pressure  {^ppToxlnrrately  450 

^  -  psi)  ^  .  • 

2.  Close  the  fuel  shut-off*  valve  and  note'-'the  pressure,  drop 

(NOTE:  The  time  for  a  pressure  drop  from  450  psi  to. 250 "psi- 
'  should  not  be  4ess^han*40  seconds.  If  the  pressure  drop'Ts  less 
than*  40  seconds,  follow  procedures  a  through  c  below.) 
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a.     TfYbroughly  dry  the  injector  with  compressed  air  ' 

V  .b.  Open' the  tester  fuel  valve  and  operate  the  pump  handle  to 
^  ^       maintain  the  test  pressure 

c.     Correct,  malfunctions  , as  appropriate  .  , 

*"  *     J*  * 

1)       A  leak  around  jhe  spray  tip  oc  seal  ring  usually 
'     is  qaused  by*  a  loose  injector  nut,  a  damaged  seal 
]      •  ring,  or  hardened  surface  on  the  injector  nut  or 

1  I      spray  tip    .  . 

,  ♦  ' 

"     ^2)       A  leak  at  the  filter  cap  indicates  a  foo^e, filter  cap 
or  damaged^  filter  cap^^ga^et 

3)       A  "dribble"^  at  tPfe^  ?praV  tip  orifices  indicates  a 
leaking  valve  aassemblyldue  to  a^dam^ged^surface 
"or  dirt;j;;reaKage  at  the  ftip  will  cause  pre-ignition 
^         in  the  engine  * 

(NOJE:  Ar^^drop  or  two  of  fuel  at  the  spraynip 
-is  only^^n  indication  of  the  fuel 'trapped  in  the 
»    .        ;    '        _  ,  spray  up.  at  the  be'ginning  of  the  test  and  is  not 

cfetrimental  as  long- as  the  pressure  drop  specified 
f      V/  ^  is  not  less  Jhan  40  seconds.) 

Perform  injector  high  pressure  test.  ♦ 

(NOTE:  This  test  is.  performed  to' discover  any  fuel  leaks  at  the  injector 
^filter  cap- gaskets/body  plugs  ^nd  nut  seal  ring  whicli  did  n6t  appear  during 
the  valve  holding  pressure  test/Th^;high  pressure  test  also  mdicates-'whether  • 
or  nat  the  plunger^nd  bUshii^ig  clearance  is"  satisfactory.) 

1.  ThqVoughly  dry  the  injector  with  compressecl  air     '  i^^- 

2,  '  Check  the  fuel  connections '  for  leaks;  if^leaks  have  occurred;^ 
,  .  tighten  the  canijiections,  dry  the  injector  and' recheck 
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3,     -  \Vjth  the  injector  r3ck  in  the  full-fuel  position  and  the  injector 
tester  handle  locked  in  position  by  means  of  the  handle  lock, 
operate  the  pump  handle  to»build  up  and  maintain  the  pressure 
»  (Figufe  4)  '  '  / 


FJGURE  4 


4^       Use  th^  adjusting  sccew  in  the  injector  tester  ha\dle  to  depress 
the  injector  plunger  iust  far  enbugb  tO'^lose  both  ports  in  the 
f  '  '  injectpr  buying  "  ^     \    '  ' 

(NOTE:  The  point  at  which  both  ports  are  closed  may  be  easily 
o    *  ascertained  by  the  fact  that  the  injector  spray  will  decrease- 
appreciably  and  a  rise  in  pxressure  will  occur.  At  this^time,  the 
^  *    condition  of  the  plunger  and  bushing  may  Ipe'estabjished.  If  there 
is  excessive  clearance  ^between  the  plunger  and'bushing/'pressure 
beyond  the  nlm3\  valve -opening  pressure  canno|  be*  obtained, 
'Replacemerit  ^of^  the  plunger  and  bushipig  assembly  is  then 
required.)  ^^m^  j 

5^^      Pump  up  the  injector  tester  and  maintain  S  pressure  of  16Q0  to 
2000  psi  .by 'activating  the  pump  handle,  then  irispecfrfor^  leaks' 
at  the  irvjector  filter  cap- gaskets,  bolcJy  .plugs, -and  injector  nuf 
seal  ring 
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(NOTE:  If  any  of  tK;ese^conditions  exist,  refer  to^ manufacturer's, 
troubleshooting  chart.  It  is  normal  for  fuel  to  seep  out  around 
the  rack  due  to  high  pressure- fuel  ^Deing  applied  lo  a  nonpally 
low  pressure  area  m  the  injector  assembly.  However,  fuel  droplets 
at  the  rack  indicate  excessive-  leakage.) 

(CAUTION;  Do  not  permilj  the  pressure  in  the  injector.. tester  to# 
equal  or  ekceed  the  capacfty  of  the  pressure  gau^e.) 


Spray:  pattefn  test"  ^* 


1. 


Open  the'fueUshut'Off  vatve;  place  the  injector  rack  in  the  fuil-fueV 
position  and'operate  the  injector  §e«^eral  times  in  succession^ by* 
operating  the  fester  handle  at  approximately .  40  strokes  per 
minute  •    '  .      •  •      •  ' 

# 

Observe^the  spray  pattern  \q  see  that  all  s^ray  orifices  are  open 
and  injecting  evenly'  ,  ' 

(NOTE:  The  beginning  and  ending  of  injection  should  be  sharp 
and  the  fuet  injected  should  be  finely  atornized.  S'e^^  Figure  4J  } 

If  ail  of  the  spray  tipi^orifices  are  not  open  and  injecting  evenly/ 
clean  the  orifices  in  the  spray  tip  .  ^  ^  '  <» 

(CAUTION:  To  prevent  damage?  to  .the  pressjiwe  gaugp,  do  not 
exceed  100  psi  during  this  test)        *         *  - 


Test  fueU  output 


(NOTE:  The- injector  fuel  ;Output  test.qari^  be  performed  in  either  the 
corhparator  J  7041  or  th^  calibrator  J  22410.  See  Figures  5  and '6.) 

fCAUTlON:  Whei\  injectors  are  renioyed  from  an  engine ^for  fuel  output 
testing  and,  if  satisfactory,  reipst^ll^(;f' without  disassembly,  extreme  care 
should  be  taken  to  avbrd  peversing  the' 'fuel  flow.. When- Jhe  fuel  flow  is 
re\?ersed,  dirt;  trapped  by  the  filter  is,  back-flusHed  into  the  injectof 
romponents.)  •  .  ,  * 


JOB  Si^EET•#4• 
(NOTf :  BefoYe.remqvjng  an  injector *from  the  engine,  observe  the-direction 
of' the  foel  flow.  To  av5id  reversing  the  fuel  flow  when  checking  injector ' 
\  fuel  output,  use  ?the  appropriate  adaptor.  The  position  of  the  fuel  flow 

-       pipes -oh  the  comparator  depends^on  the  adaptor  b^in^  used- and  the 
i^,  •    direction  of  fuel  flow  through  the  injector.  See'  Figure  .5.  TM  position  e*f^^ 

the  braided  fuel  inlet  tube  and  the  plastic*fuel  outlet  tube  on  the  calibrator 
^  depends  op  the  adaptor  being  used  and  the  direction  of  fuel  flow  through 
the^njector.  See  Figure  6.)*       '  ^.^^y^^ 

FJGURE  5  ^  .        •       ^.FIGURE  6        '  \ 

.  •  .  .       '      *       •  Calibrator  - 


;.  139-E  ■ 


«  V 
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^'  S   ^^f*^        output  using  appropriate  cornoarator  (Figuce  5)  •  - 

a-.     Places  the  injector/in  the  comparator  and  tighten  the  hand 
wheel  to  clamp  the  injector  and  •adap:tor  in  position-  " 

^    '        '  (I^QTE-:  'M^ke  sure  the  cotuntei*  on  the  compar^or  is  pres.et  * 
to^  1000;  strokes..  If,  for'any  -reason*  Jhfs  .getting  h^s  been 
•  ^  .         altered,  raise  the  cover  aftd  res^  the  counter  to- 1006  strpkes-. 
'         . ;      puHing)he  selector  jA^hetel  toi>e  chaac|edjo  the'rjght  and 
^ ' '  rotafirfg  il  tp.  j^^rdper  setting.  Thefn  telease  ttie'^wheel  and- 
,.dose  the^coveK.fiefer:tOtthi  comparator  instruction  ^oklet-' 

,  for  Juitther  inf6rmatrc>n,,See  Fjgure.J'.)    .  '   •  '  * 

^      ^         ^  *       f    %.  * 

•         FIGURE  7  ■    -  ■.  /     '      .  -  -  .     '         ■  ' 


jJ^JOTE :  Wheri ' instarimg  a -4ow^(Jai|np.bt^y-}fijectt)c  inlhe.'. 
*  'comppnator,   position   the.  Jnjfic^^^  - 
^  J  'a^proxjmatdy^^^^      angleV/itheF'tTian' slra'i^^^^ 
'     .  'adaptoV,  tHen  j^ring.  it  into  -a' vertip^^  arrd.secore'if  / 

.        in^lacfe.)    V.,.^  '  •  -    '         '  '  ' 


b.     Pufi  *thi  in)ector  rack  out  t^  'thd  nprfuel  position        V-  ' 


.c.  -  Start  the  comparatgr  by^nurijin^^      the  sWitchr '^^  /^'>;-^ 

^fter^e  comparator  has^  started  push,-the  injector^rack  in  . 
the/fuuVuel  position  ,  ./  '  * 


,0 
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e.  Let^the  injector  run  for  approximately  30  sec&nds  to  purge 
the  air  that  may  be  in  the, system'  ^  

f.  After  30  sefconds;  press  the  fuel  flow  start  button 

/      *  ^  '  '  .  ^ 

(NOTE;  .This  will  start  the  ilow  of  fuel  into  the- vial.  The 
.  comparator  will. automatically  stop  the  flow  of  fuel  after 
.  I£)00^,strokes.h  ^  '  \.  ^' 

g.  >After  the  fuel  stop?  flowing  into  the  vial,  pull  the  injector 

rack  out  to  the^  no-fuel  ptDsitioh    ,  ■  '  \ 

h.  Turn  the. comparator  off  and  reset  the'courrter  


\ 


i.   .  Observe  the  reading  on  the  vial  and  refer  to  figure  8  to 
determine  if  the  injector  fuel  output  fallB  within  its  specified 
^  limits     *       -         ,         ■'  ^         /  ' 

(NOTE:  If  the  quantit^'f  fuel  in  the.vial  does  riot  fall  within 
the  specified  riimt<^refer  to  manufactureV's  troubleshooting 
y  ^  chart  for  cause  and-  femedjy.)   .       ;   ■  . 

dFIGURE  8  '        >     ^  *  ,  > 


*  * 

f 

Colibrotpr 
J  ?2410^ 

•  .Comporotor 
J  7041 

M)r>. 

Mox  » 

in. . 
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16 
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38 
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^ '    S9q  ; 

a7. 

92 
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2,       Check  fuej  output* using  appropriate  calibrator", (Figure  6) 

*  *  . 

.      a/  *  Ptede^the  earn  shift  index  wheel  and  iud  ffowjev^r  in  jh^i'r- 

re^spective  positions  / 
•      *  •     •    '     t     -  « 

'  b.     Turn  on  .the "test  fuel  oil  neater*- switch  and  preheat  the  test 

oil  to  95° 'to.  105'F-:: .     •  -  - 
.    '     •  I  ^  . 

c.     Place  tbe  proper,  injector  adaptor  between  tbe  tie  rods  and 
^         engage  it  with  the  fuel  block  locating  pin        „  •  / 


D 
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d.  ,  Slide  the  adaptor  forward  and  up  agaipst  the  fuel  block  face 

e.  Plate  the  injector  seat  into  the  permanent  seat  (cradle  handle 
H     in  vertical  position)  •    ■  *  " 

f.  Clamp  the  injector  into  position  by  operating  the  air  valve 

(•N0TE:  Make  -sure  the  counter  on  the  calibrator  is  preset. 

at  1000  strokes.  See  Figure  9.  If  for  any  reason  this^ setting 

has  be^n  altered,  reset  the  counter  toMOGO  strokes  by 
^     twisting  the- cover  release  butto^  to  the  le^ft  antJlbold  the 

reset  lever  in  the  full  up^position  while  setrting  the  numbered 
.    -wheels.  Close  the  cover.  Refer  to"  the  calibrator  instruction^ 

booklet  for  fdTther  information.)  -         .  . 


FIGORE^ 


g.  .  Pair  tf>e  in'jector  rack  ogt  to  the  nojuef  position; 

h.  ,  'Turn  on  the  main  power  control  circuit  switch 

.  .  '     ^     '  ■> 

i.  .'^  Start  the  calibrator  i>y  turning  on  the  motor  starrer  switch 

"(NOTE:  The  low  oil  pressure  warning^buzzer  will  sgurtd 
briefly  unfiTthe  lubricating  oi[  reaches  thej>ropen  pressuce.j!* 

J.  ^   After  the  calibrator  has  "started,  set  the- infe^tor^ rack  into 
the  fulT-fuel  position       "  *.  ^ 

\    .(NOTE:  Allow  the  inj^tor  to  operate  for  appV6)f1mately  30 
seconds  to  purge  the  aif  that  may  be- m  the  system.)  . 


f  0  i 
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\ 


\ 
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k.^  'After  th^  air  is  pUrged,*press  the  fuel- ?low start buttop-fre3)y 

(NOT^:  Jhis^will  start  the  flow^of  fuehinto  the  vial.  The 
fuel  flow  to  the  vial  will  automatically  stop' afteMOOO 
-  strokes.)  »       .  ^ 

U     Shut  the  calibrator  off  (the  calibrator  wWI  stop  in  less /time 
at  fall  -fuel)'       '  ,        • . 

m.    Observe  the  vial  reading  and  refer  to  Figure  8  to.  deter  nine 

t « il^^'^  i^L^A  ^  ■   .  .  .      r    ii  •    V  ... 


J     ^  .w.v^.  ,     .VJW^IW    \^     LW.^JCICI  I 

^whether  the  injector  fuel  output  falls. within  the  spec 
limits  .    ■       .  n 


(NOTE:-rf  the  quantity  of  fuel  ia  the  via>  does  nojt  fall  wilhin 
the  specified  limits,  refer  to  manufactl/rer's  troubleshoo  Ing* 
chart. /or  the  cause  and  remedy.)      1  *  . 

(NOTE:*  Xhje  comparator  or  the  calibrator  may  be  usea  to 
check  and  select  a-sftt  of  injectors  which  will  inject  the  slme 
amount  of  fuej  in  '^ach  cylinder  at  a  -given ^jhrottle  se^ng, 
thus  respiting  in  a  jsmooth  r.iinning,  well  bajanoed  engine. 
^n"jnjector  which  passes  all  of  the  aboy^  test?  may'tte  put 
back  into  service.  However,  an  injector  which  fails  fo  pass 
one  or  mg^e  of  the  tests  must  be  relfuilt^nd  chefcked  on 
"the  comparator  ^or 'the  calibrator.  Any  injectO(/which'%- 
disassembled  and  rebuilt  .must  be  tested^again  bfefore  bluing 
ptacecl  in  sei2^c6.1  :       '  '\ 
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UNIT  INJECTOR 
UNIT  IV 


1'43.-E 


•INSTALL  UNIT'TNJECTOB 


I,    Tools  and  materials  * 

A,    Needle  valve  iFuel  injector 


) 


V 


•    .  '(NOTE:  For  specific  installations  end  models 'get  detailed  service  and 

,       ^  .specifications  hornjpt^  manufacturer's  service  manual.)  ' 

i     B.  Hand  iool  set 

C.  Injector  tube  bevel  reamer 

D.  Fu^l  pipe  socket 

E.  ToFflue  wfencfi 

F.  ,  '  Grease  .  ^ 


.G,    Shop  towels,  (lint  free) 


H.  ^  Safety  glasses 

V 


II.  Procedure 


1 


(NOTE:  Before  instalHng  an  injector  in' an  engine, vemove  th'e^carbon  deposits 
firom  the  beveled  seat  of  the  injector  tube  in  the  cv^incf^  head.' This  will  assure 
correct  -aljgfmient  -of  the  injec/or  and  prevent  undue  stresses'from  being- 
exerted  against  tl*e  spray  tip.)\   (  j  .  - 

A.  .  Use  injector  tube  bevel'  reamer  to  "clean  tj;ie  carbon  from  the  injector;  tube  . 
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(CAUTION.  Exerasei:are  to- remove  ONLY  the  carbon  so  that  the  proper 
clearance  betweervX^e  injec^r  body  and  the  cylinder  head  is, maintained. 
Pack  the  flutes^  the  reamer  with  grease  to  retain  the  cai^bon* removed' 
from  the  lOtJ^)  .  .  .  '  ^ 


(N©T&:  Be'^ure  t|ie  fueF  injector  is  Jilled'with  fuel  oil.  If  necessary,  add 
cleafn'fuel  oil  at.  the  inlfet  filter  cap  until  it  rims  out  of  the  oitlet  filter 

cap.).    ,         ;  .  \ 

Insert  the-mjector  into  the  injector  fu'be'with  the  dowel  In  the  injector 
body ^  registering,  with  the  locating  hble  in  the  cylinder  head  (Figure  2) 


^FIGURE-2; 
Injector  Clamp^, 

Dowel  Pm 
lector  Hole  Tube- 


Injector 

Fuel  Pipes* 


C^trol  Tube 


Rack  ControJ  L-^ver 


Injector 
bntrol  *Rack 

4 


Slide  the  rack'  controlVlever  over  so  that  4t  registers  vyith^eMnjector  rgck 

Install  the  jjjjector  clamp,  special"  washer  (with  curved  side  toward  fn]ett<^f 
cla4jn*pVand  bolt  and  tighten  the  bolt  to  specified^torque,  making  sure  that 
thelclamp  does  not  interfere  with  the  injector  follower  spring  qr  the  exhaust 
valva^  springs      .  *  ^  ^ "  ^    •  '"^ /""^ 

(MOTE:  Check  the  injector  conjtrol^rack  for  free  movemenj.  ^xcessAorque 
can  cause, the  control' rack  to  stick  or  bind.)*  »      .  ' 
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Move  the  rocker  arm  assemblyjnto  position  a^^secure  the  rocker  arm  . 
brackets  to  the  cyliTnder  head  b#tightening  the  bolts  to  the  torque  specified 
in. service  manual  ^  ■  ^  *'  .  . 

>^      -  ^  '    '         t    ^        '       .       *       '  ' 

(CAUTION:  On  four  valve  cylinder  heads^  there  is  a  possibility  of  damaging 
tbe  exhaust  valves  if  the  exhaust  valve  bridges  are*  not  restifig  on  the  ends 
of  the  exhaust  valves  vvhen  tightening  the  rocker  shaft  bracket 'bolts. 
Therefore,  note  the  position  of  the  exhaust  valve  bridges *hef ore,  during* 

and  ^fter  tightening  the  rocker 'shaft  bolts.t  .  -  ^ 

'      \  ,  ^  *  ^ 

Remove  th6  shippina  caps,  then  install  the  fuef-pipes  and  connect  them 
to'^he  injector  and-the  fuel 'connec)ors,^u§ing  fgel  pipe  socket  to  tighten  ^ 
the  connections  to  specified  torque  -         ^  A" 

(NOTE:  !  A  specified  fuel  pipe  socket  may  be  needed.  Refer  to  afyjropriafe      -  ^ 

service  manual.)--- .  ,    ^      —       '  .  ,  ^  •    >  — ~  

*       ^ .     .  '      '  ...  .  \  ~ 

(CAUTION:  Dp  not  bend.  the. fuel  pipes  ^nd  do  not;  exceed  the  speciffed 
^torque.  Exc^live  tightening  will  twist  or  'fr^Aure  the  flared  end  of  the 
fuel-^e  arid-result  in Jeaks.  Lubricating  oil  diluted  by  fuel'oil  can  cause  i 
serious  damage  to  .the  engine  bearings.) 

.Rpfer  to  service  manual  foF  final  adjustments^and  tune-up  procedures 
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UNIT  INJECTOR 
^         UNIT  IV 


Test 


•NAME 


ffatch  the  terms  on  t^e^fighjyo  the^ correct  definitions/ 

1,  ' 


_a.  Sen/eV  as  a  ^ozzle  to  atomize  fuel 
spra'^edMnto  combu^ion  chamber 

b.  Spiraled  recess  machined,  inf&^plunger" 

__c.  Prilled  passage  in  bu^^ing 

_d'  Rack  ana*  pinioo^gear  arrangement  on 
;    dmit*  injeqtor 


- Serves  as  a  barrel  for  the  plunger  on  the 
unit  injector 


r  Si 
Bushing 


2,     'Control-  rack 
and  gear 

,  Spray  -valve 

4,  ''Unit  Injector 

5,  ~  Helix 

6,  Port 


_f**-injercti6n  purhp,  injector,  ahd-spray  valve 
forin  a  single  ynit  ^  * 


Match  the  parts  of -the' unit  injector  on"^  the' right 
*» 

 ^a.  .♦Follower 

b;  Plunger  — 7- 


^c.  Gear  /  • 

j_d.  V^ve  spring 

_e.  Filter  * 

f.  Spray  tip 


g.  Control  rack 

r    ■  ■ 

_^h.  Needle  valve 

J 

J.  ^  Injector  body 
J.  Follower^ring 
_k,  Ide^ntification  tag 


\ 


7B2: 


List  three  functions  of  the  unit*  injector. 


Discuss  fuel  flow  through  the  unit- injector  fuel  system. 


Explain  how  fuel  is  metered  during  the  injection  stroke, 
a.  .   No  injecfion       v  "   ■  - ,  " 


.     1)   .    .  . 

I?  • 

•  2) 

b\     Pull  injection* 


Demonstrate  the  ability  to: 

a.  Remove  unit  injector  from  engine. 

b.  .  J  Disassemble  unit-  injectof/  - 


0 


€4* 

4 


c.  .^Assemble  unit  in|ector., 

d.  Test  unit  injector. 

e.  '  Install  unit  injector. 


(NOTE:  If  these  activities  have  not  be^n-  accomplished  priof  to  the -tesj, 
y^ur  .instructor  when  they  shouW  be  cbmplet^&.)  * 


ask 


UNiT  JNJECTOR 
"■^UNIT  IV.  . 


■    '  '        ANSWER§;tTO  TEST 

a.  3  '           ±1  2       '      '■  '°  . 

<  * 

b.  b  .       e{  '  1  ' 

c.  6-/  ■  f.  .  4  ' 


a.     r    •  •       .     ■  e.  .  9'  \ 


I. 


"^'i  •     .         g.    8  -         .  '  k.?  11 

d-  5   •  .  h.   6  ,  '   '  \, 

Any  three,  ot  the  following:  ^    •  ,  * 

a.  Creates  a 'high  fueUpressur^     '  , 

b.  *  Meters  required  amount  of  fuel 

c.  *  Atomizes  the.  fuel 

d.  Times  injection  ^  \ 

e.  .  Injects  fuel'         ^  ^ 
Discussion  should  include:  < 


a-  ErjK  injector  thropgtf.a  filter  cap  ancfcfilter      •    ^  ' 

b.  Pa«  througb  drilled  passages  afe'd  ports  Wto  supply  chamber.^ 

c.  .Pumq  pressure,  forces  fuel  thrdugh^  small  ortiices*  in 'spray  tip'"  ' 

d.  Atomized  into  oonibustion  chamber-'     ,        ^' '    •  '  .  ' 

.'o  •    •  : 

a.  Nojnjection  ,  'i^^  ^    *  ^ 

1 )'      Cohtrol  rack  out  \  -  '^P'     '  *  i  * 

^  »    Upper  port  is  not  closed  by  helix  '  \ 

.  ;  '     '    ■'"        '     •     I"  • ' 

b.  FuH  injection   ♦         .      ^     «      ;  "      -  • 

1)  Control,  rack  in  .  -  .    •        '         •  ' 

^  '  .  fi  ,  ? 

2)  ^     Upper  port  i^Tcloged  ancj  lower  port  is  closed      helix ' 
Performance  skills  evpluaiejJ  to  the  satisfaction  bf  the  fnsfFticto/  .  • 
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•  •  PT  FUEL  SYSTEMS  •    •  '  , 

*  •  ' —  ♦ 

UNIT  0BJ5CTIV£       '  / 

After'tompletion  of  this  unjt,  the  •student  should  be  abje  to  name 'the  main  parts  of 
a  pressure  time  fuel  injection  system  and  discuss  ns"^bperation.  The  student  should  also 
^^jb|^able  to'^inSfall  a  PT  type  pump^and  remdve  and  install  PT  injectors.  This  knowledge.,.^  ^^-J^ 
-.--^  ^        witi  be  evidenced  through  demonstra;tron  and  by  scoring  eighty^five  percent  ori.the^  upit 
test.       *  '^'^  *  ; 

**  '  '  '  *       •  * 

.     .    -         '  xSPECbt=rt  OBJECTIVES    .  '  ' 

^       '  After  completion  <^th is  unit,  the  student  should  ^be>^able  to:  ^ 

1.  ^'  Matchtferms  associated  with  theTT  fuel  system.to  ^the  correct  definitions\ 

2:    *  N^me  the  thr^e  main' parts- of  the  PT  fuel  system.  ^ 

'3.  Match  the  main  units  of  the  PT  pump  assembly  to  their  functions. 

4.  piscuss  jhe  operation  of  the  PT*  injection  system.  '*       \  /  ^ 

.   '    5.  •  State/ the  function  of  the  pulSati^on  damper.  • 

/  Explain  the  operation  of  the.' mebhanical  governor.    '  ^  ^  - 

.  7.  •  Name  two  types  of  PT  injectors^  - 

'■8.       Match, the4>pe^tion  steps  of  th^  PT  injectors  to  their  description. 

^   '    *      .       ^  ^  ^  

9.     '  Demonstrate  the  ability  tq:     t  ^ 

,    ' ,      *  a.     Remove^'and  install  flange  ^type  PT^njectors.  * 

^  \    \    '  ^       .^b.     Remove  .and  install  PT  (type.B,  C^and  D)  injectors. 

' '     -   ,^         c.     Adjust  ihjectpr.  pl^unger--and  valves  using  torque  method,    t  v  Or^ 


-r-  d.  0  WstalL^p.TPR  fuel  pump  anSladjust  high  and  low  engine  idle/ 
'    e.    Test  and  adjust  PT-G  tufcljpump.       -  '\ 


?>>  \     •  .         -1'      -  .5-     '    "V        ^  , 
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SUGGESTED  ACTIVITIES 
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I.    Instructor;  "  ' 

A'.  Provide  student  ,*with  objective  sheet. 

B.  Provide  student  within {(ifofmation  and  job  stieets^ 

C.  Make  transparencies. 

D.  Discuss-  unit  and  specific  objectives. 

E.  piscuss  information  sheet.  '  , 

F.  Demonstrate  and  disCuss  t\e  procedures  outljned  in 

G. '  •  Give  te^t. 
II.    Student:     '  -         *  . 
*  ^    A.  *Read  objective  sl^eet, 

B. ,  Study  information,  sh'feet 

.  C.  Complete  job  sheets.  . 

D.  Take  test. 

■  :  INST'PUCTIONA-L  MATERIALS 


1.    Included  in  this  unit:. 
-  .A.    Objective "^Heet  ^  ; 
B.  -Jnformatioo^heet  • 


C.    Transparency  pasters 

;  1.       tM'I'-Main  Parts  of.PT  Fuel  System 
;    Z    \Tiyi.2-PT.Rump  Assembly 
/  '3,  ••';TM'3--PT  Pump  Assembly  (Continued) 

•  .^^4,-!- — ^TM  4--Types  of  Injectors"  | 


5;      TM  5-rOperation  of  Injectors 


K;  Job  sheets  \  * 

1.  '^^Job'.  Sheet  #1-f3eYnove  arnd^  Install  Flange,  Type  PT*  Injectors 


2. 


Job  Sheet  #2-Remove  and  Install  PT  (Type  B,  C,  and.D)  Injectop 
Job  Sheet  #3"Adjust  Injector  Plunger  and:  Valves  Using  Tordlje  • 


Method 


7 


Job  Sheet  #4" Install  Pt-R  Fuel  Pump  and  Adjust  Hijjh  and  Low 
Enai.ne  Idle         -     '  ^ 

Job.  Sheet  #5-Test  and  Adjust  PT-G  Fuel  Pump 


E.  Test^'^ 

\ 

F.  ^  Answers tesw 
References:, 


,  Bill.  Qiesef:  Fundamentals,  Service,  Repair.  South  Holland/ IMinoi^ 
art-Willcox  Company,  1973. 


Toboldt, 

Goodheart-Willcox 


,  B.  ^  Kates,  Edgar  J.,'  and  »LtJck,  William  E.  Dieseiand  High  Compression  Gas, 
'  £A75/V7e5/ Chrcago;  American 'Technical  Society^l974,.^ 

'  ^  C)    Service  Bulletin  No.  337901  hOI:  Inipptoffjanger  and  Valve  Adjustments: 
^    Columbus,  Indiana:  Cumtnins  Engir^  Co.,  December,  1975. 

\,   D.  iService  Bulletin  ^No.  3379101-00:       ^uel  Pump  Calibration.  Columbus, 
Indiana:  Cummins  Engine  Co.,  December,  1975.  ^  *  - 

E.  Service  Bulletin  No.  337907J'02;,  Injectors,  All  Types.  Columbus,  Indiana: 
Cummins  Engine  Co.,  December,  1S75. 

*  ^       '  -8 

F.  ^  Service  ^Bulletin  No.  983725:^  Calfpratiori''  of  ^PTG  pumps.  Columbus, 
^        mdiana:  Cummins  Engine  Co.^ 


/   G.   l^ervfce  Bulletin  No.  983535:  Fuel  Pump  W  Rebuilding,  Colunjibus,  Indiana: 
,  <Xjmmin^  Engifie  Co.,  ^1975.^   .  - 
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II.    Main  parts  of  P"P  fuel' system  (Transparency/ 1) 

A.  Fuel  pump  ^ 

B.  Supply  lines,  drain  lines,  and  pa'ssage/  - 
^  C.  Injectors 


TTTFDEL  SYSTEMS      -      '  '  , 

'     ^'      .     ,        ^'  UNIT  'V  •  •  ' 

»  ' 

INFORMATIOM  SHEET-     '       '  :  ' 

I.    Terms  and  definitions  ^  *  . 

.  A.  PT  system-Pressure  time  system^' based  on  the  principle  that  the  volume 
of  liquid  flow  is  proportionate^o  the  fluid  pressure,  the  time  allowed  to 
flow,  and  the  size  of  the  passage  thpoug^  which  the  liquid  flows 

B.  -PT  type  G-PT  fuel  pump  which  is  governor  controlled 

//' 

C.  .PT  type  R-PT  fuel  pump  which 'is  p>essure  reqi/lated 
*  *  D.    Purge-.To  get  rid  of.  trapped  fuel       \  ' 

E*     Rated- speed-.-Engine  rpm's  under  fulMoad 
F.     Meter-To  supply  in  a  measured  amount 

^  ^  G.    High  idle  or  maximum  no-load  speetl-Engin^rpms  with  iHo-load  and  throttle 
fully  open  .  .   »  ' 


IJI.    Functions  of  units  of  PT  pump  asseml?lV  .(Transpaj^cies  2  and  3/ 

A.  Gear  pump-Draws  fuel  from  supply  tank  forcing,  it  through  the  pump^^filtcf?  ^ 
scre'en  into  the  pressure  regulator  Va^ve '     :     !  .  ^  • 

B.  Pressure  regulator-Limits^  the  pressure  of  the  fiiel  V*the  injectors' 

C.  Throttle-Provides  a  manual  control  of  fuePflow  to  th"e  injector  <jnder  alK 
conditions  Frl  fhe.  operating  range      .       ''^        .  ^ 

r*  "     -  .  .      ;  .    ^ .   J  ^   ■  « 

D.  Gove^Vior  assembly-Controls  the  floW  of '  fOelvfrofri  idle  fo  ^maximum 
governor  speiSd  <       *  /:y//<         '  1    *  ^  .  ^ 

IV.    Operation  of  PT  injection  system'  '*  '  ^ .  * 

/  *  i\    -v  ■       ^  '  ,       '  ^ 

*     ,  ' *'  ^ 

A.  Gear  type  fuel  pump,  deliveri  fuerthrqt/gh  la. ?estriet(ng -^throttle  to  t^e  ~ 
governor       •  ,  ,  o       '      "  •  . 

■    ■  ~  • 

B.  From  the  goverrfor,  theT  fuel  goes  to  a  manifCil£j  wf>t"6h  feeds' cam-operated    '  , 
injectors  in  the  cylinder  head  ..V-- 

'      •     .  .  • 

-1  -      'i''  <■  J      ^     ■  ..' 
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IJM FORMATION  SHEET 


A' 


iERlC 


C.     InjectOT  raises  pressure  to  produce  a  good  spray  and  times  the  start  of 
Jnjection-  ^ 


V.  "function  of  pulsation  ^damper-The  damper  contains,  a  steehdiaphragrn  Which 
,     absorbs  pulsations  andlsmboths  fuiei  flow  through  system  (Transparency  2)  ^ 

(NOTE;.  The  pulsation!  damper,  mounted  on  gear' pumpj  performs  the  same  ^  ' 
/•ffinction  on  both  type  IG  and  type  f?  fuel  pumps.) 


VI.    Ope'rajion  of  ^mechanicafi  governor  (Transparency  3) 


\ 


A»    Between  idle  and  maximum  speed,  fuel  flows  through  the  governor  to  th^ 
injector  in  accordance  with  engine  requirements  as.controlled  by  the  throttle 


B.    W^en  engine  reache^  governed  speed,  the  governor  weights  move  the 
^    *    governror  plungers  so  Ifuel"' passage,  to  the  injectors  iV  shut  off 

(NOTE:,;^t  .the  same  lime  ahother  passage  opens  and  dumps  the  fuel  babk 
iato  the  main  pump  body.  The  engine  speed  is  controlled  and /limited 
regardless  of  the  posittpn  of  the  throttld^:)       '  -  •  V 

'   '     \  ■      ^  ■        ■  ^-"^ 

^  C.     Fuel  leaving'the  gowrnir\f|ows  through  the  shut  down  valve,  inlet  supply- 
lines,  and/OQto  the- injectors  •       '  \ 

VIL    Types  of  PT  injectors  (Transparency  4)^,   \  "  . 

A.  Flanged  ,       ^  ^  ^  \        ^'       V'  t  V  " 

B.  Cylindrical  ^       '  ^   .  ''^ 
yw).    Operation  steps  of  PT  injectors  (transparency  5) 

A.    Metering*  '\    ^  ^  - 

1,  ^     Fuel  enters  the  injector' at 'fuej  inlet        .         '     •       '  . 
*  (NOTE:  Pressure  ili  determirted^^by  throttle  <jand/or  governor.]'  - 

2.  ,|\/l^terirtg  brifij:e  Controls^  quantity^of  fuef  that  enters-the  injector 
"    cup  "  •       '  .  ,  ' 

(NOTE:  Pressure  is  determined  by  the  ^el.  pump  and  the  time 
^   iiiterval  during  whi'ch  the  hole'supplying  fueUs  uncovered  6yth^^ 
,  '     '    injector  plunger.)    '      .        '  .     '  '    '     I    -  »*  I 
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•INFORMATION  SHEET 


B.  Injection 


1.  '     Downward  plunger  movement  cuts  efff  fuel  entcy  into  injector 

cup         .        :  V  .  •  .         .  . 

2.  Continued  downward  movement  forces  fuel  from  injector  cup  - 
through  the  orifice  into  combustion  tihamber- 

HNOTE:  High  pressures  allow  for ^lmos*t 'complete  burning  of  fuel 
spray.)  ,  • 

3.  While  plunger  is  down  fuel  passes  through  upper  hole  around 
undercut  in  plunger  through  return  passages  to'  the  fuel  tank 


C.  Purging 
1.' 


Plunger  remains  seated  after  injection  ^      >  * 

(NOTE:  TFuel  flows  through  the- injector  cooling  it  and*  warming 
tank  fuel  through  this"  stage.) 


2,       Plunger  rises  .on  next  metering  operation ,  .  * 

iNOTE:  The.  timing  of  m^ering  and  injection  is  determined  by 
camshaft  configuration.)  '  / 


/ 
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^  Main  Pqrts  Of  PT  Fuel  System 

Injector-Bupply  .  Fuel  Puhip       ^    -Drairi  Connection 
.  ^^/— ^  ,  Injector 


Fuel  Filter 


Inlet  Connection 

^ '    Pump  And 
Injector  Return 


Shut  Down 
Valve 


Injector  Drairt 


Fuel  Tank 


FUEL  PLOW  DIAGRAft/|JF  CUMMINS 
PRESSURE  TIMljNJEpJION  SYSTEM. 

r.  I      H  .  T.    ■    ■ ,     <     ■  - 

•        •     •  .     ■•  • 


"5  »*,       '  <S 


PT  Pump  Assenibly 


/  4 


'  FT  Pump  Assembly 


(Continued) 


To  Jrtjectors 


idle  ^ 


,  Shut- Dowri  Valve 

J 

From  Tank 

Pulsatioa  Dampner 
^  <3ear  Pump 

*  .  - 

Pressure  Regulator 


-full  *»****^\ 
'.^  .^  Filter  Screen 


Throttle  Shaft 


Gpyernor  Plunger ^^^^ 
.  Governpr  WeightsJ 

CUMMINS  Vl  jyPE  R  FUEL  INJECTION- PUMP. 


^  Types  Of  Injectors 


Injector  Spring 


^"0"  Ring  §eals 


Plunger 


0"  Ring  S^al 

'- 

■  ■     ~"  .PIunger-'Hlili 

Prain  Orifice   .    '  * .  •    -  ^ 
■  '  ■  I  '  ■  s   Metering  Orifice 
Meterir^g,  Orifice* 

Cup 


Injector  Li'n1< 


Plugs 
Stop .  / 
Check  Ball  ' 

-'Fuel  Out  1 

.1..  • 
Fuel  In 

Adjustable  Delivery 
•Orifice  Plug.   '  ^ 

'^'0".  Ring  Seal. 


-(jasket 


FWNGED  TYf  EjNJECTojl 


CYLINDRICAL  INJECTOR 


m . 


Operation  Of  Injectors 

Plunger  Seated  In  Cup^ 


ERIC 


vjVIETERING 

"7?  7  ' 


Power  " 

Injection  Ends 
C^l^ces?it>n 
By-Pass  Begins 

Metering  ''Ends 
Jiflfitfiring 


5  ^ 


FueUIn 

Ch^ck  Ball 
Plunger 
-  Bme\ 
Cur,  Retaiher^ 
.  :    ^  Cup 


Nut. 

Rocker  Lever- 
Adjusting. 

Screw 


Push  Rod 


Tappet' 

amshaft 
.vLqbe  ! 
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PT  FUEL  SYSTEMS 
UNIT  V 


JOB^SHEET  #1-REM0VE  AND  INSTALL  FLANGE  TYPE  PT  INJECTORS 

— i 

I.    Tools  and  materials  -      '     '  '  .  - 

;  6  • 

A.  Basic  hand  tool  set  .  ' 

B.  Torque  wrench'  ,  -       ,  . 

*  #>  *  *     .  » 

C.  '  Oil  can,  hand  type  '  •  ^        •  * 

D.  Shop  towels  y 

E.  Safety  glasses  4        y  ^  »  *  * 
II.    Fcocedure       *                   .       .          *  ^ 

A.  Remove  injector         .  .  -  -  / 

K    1.       Remove  injectpr  hold-down  camscrews  ,    '  . 

t  ^  2.      Pry  and  remove  injector  from  cylfhd^r  head  by  grasping  injector 

/  "  body  rather  than  plunger  *  , 

'    ,  (IMOTE:  Do  not  turn  injector  upside  down,  as  plunger  might  drop 
'  '     out.)        •         '  •  - 

'  3.       Plate  in  drain  rack  ®  • 

(NOTE:  Do  hot  damlSe^fffJector  tip\and  be  careful  not  to  lose 
the  plate  retaining  collet.  Do  not  interrnix , plunger  and  injector 
bodies  ^s  they  are  paired.) 

B.  •  Install  injector  -      ^  ' 

1 .  Clean  injector  seat  with  cleap  rag  wrapped  arourfd  wooden  stick 

tl^OTE:  Never  use' screwdriver  of  m^etal  tool  for  this*  operation; 
^  .  a  scratched  seat  may  cause  compression  leakage.) 

2,  |osi'tiDn  injecto>s  in  head(si'''-^  * 

fNOTEf  Wheh  installing'^injectors  in  h'ead(s),  position  injefctor 
plunger  so  class  marK  is  centered  between  inlet  and  drajnf 
connections.  This  provides  the  same  plunger  position  under  which 
the  injector  wa^'testedMn  in/ector  test  stand.  Be  careful  not  to 
»  (^zxmqe  injector  tips.)  *    ^  ; 
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JOB  SHEET  #1 

t  * 

^  *  ^  •     ;  3.     "  Oil  injector  hold-down  capscrews     -  .  ^ 

4.       St|rt/.  but  do  not  tighten,,  hold-down  capscrews  into*  irrjcQtoF 
mounting  ho^es  in  cylinder  head(s)  " 

-  *      •  5.       Align  injectors  befo/e  tTghtemng  hold-dowh  capscrews  by  screwing 

•  in  ^  the  inlet  and  drain  connections  about  three  tur^s 

'    "  I    6.  '    Torgue  to  10  to  12  ft-lb  (14  to  16^ N.  m)  in  alternate  steps 

7.  •     Start  tightening  on  capscrejA^s  opposite  inlet  and  drain  connection. 

-(NOTE:  Some  injecfor  hdfdrdown  aapscrews  contain  a  Nylok' 
insert  that  acts  as  a  lock:  THese  capscrews  may  be  reused  5  to 
10.j[imes  before  the  effecfi\>fehess  of  theyinsert  is  impaired/ Nylok 
.  ,  ^        ^  -^c^screws  should  be  touqued  to  12  to  14,ft-lb  (16  to  19  N»  m).) 


8.       Torque  inlet  and 
N.  m) 


drain  connections  to  20  to>2b  ft-lb  (27  to  ,34 


9.    *  Check  air  on  tub^; 


s 


(NOTE:.  Piit  in  fiew  copper  washers.  Cheeky  boots  arid  filter- 
screen.)  _  •      >  . 
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JOB  SHEET  #2::REMbvE^AND  INSTALL  PT  (TYPE  B,  C,  AND  D)  INJECTORS' 

-a  ■ 


I. 

m 


Tools  and  materials  '  ^ 

A.    'Basic  hafijd  tool  set  ^  "  ^ 

6.    ^rque  wrench'^    ^  .  -         <  > 

^  C.    Oil  can,  hand  type 

D.  Shop  towels'     .  •    #  ' 

E.  .  SaJety  glasses 

IL    PnoQediire  ,  ^.  ^ 

A.    Remove  injector  (type  B  and  C)  • 

*   1.       Remove,  hold-down  capscrews         .    *        .  *  ' 

^  2.       Insert  3/8"-16  capscrew  in  tapped  hole  in  hold-down  plate  and 

jack  injector  from  head        *  *        ^  '  ^ 

^      3.     ^  Place  injectors  in  rack  for  protection 

4.     .Tag  and  numbeV  injectors  by  .cylinder  from  which  remove 

\  (CAUTION:  Do  not  damage  injector  tips.) 

\^ 

(NOTE:  Older  model  engines  have  a  separate  jacking  hole  .in  the 
plate  and  utilize  a  standard  hold-dovvn. capscrew  for  the  jacking 
action.)       ^  * 


Install  injectors  (type  B  and  C)  -      .   •  -  ' 

1.  ^Clean  injector  sleeve  with  cloth  wrapped -around  vu0O(^en^stick 

2.  Lubricate  th§*  injector  body  '*0"  rihgs  with  clean/S.AyE. '20  or 
30  lubricating  oi[  J 

(NOTE:  The  "0"  ripgs  should  /ecei\L.  a  fresh  coat      oil  e^ch 
time  injectors  are  installed'  in-j^ead.^  \ 

'  .3'.       Start  the  injector  into  bore,  Riding- by  hand  ur^til  .\njector  is* 
aligned. in  bore  and  not  binding  in  any  manner  " 

(NOTE:  To  install  ipjectoi-s  on  V-12  engines,itand  either  ofi  right 
bank  side,  or  .left  bank  side  of  engine.  On,  H  or  NH  engines,  install  .  j, 
injectofi  from  ^uel  punrlp  side  of  engine.  Injectors  are  to  be  placed 
with  ball  check  retainer  plug  at  one  o'clock.) 
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JOB  SHEET  #2  ^  ,. 

*  Place  plastic  hammer  handle^bi^'  on  top*^f  injector  plunger  body 
and  "seat"  injector  by  givmg  a  quick,  hard  pMsh  .onjhe  Hammef 

'   ,r  ^     .       /  •  ^    ^  '  ^ 

(NOTE:  A  '^'snap"  should  be  heard  and  felt  as  the  cup  seats  irr 
the  copper  sleeve.)   ^    ^  '     '  / 

'    •    ■  '    /  .  .     •  • 

PlSce  , hold-down  plate  ot^er  injector  body  with  counterbore^  ujD 

Position  half-colletMocking  clamp  in  injector  body  gro6v^  . 

Start  hold-down  capscrews,  but  do  not  tighter] 

(NOTE:  Be  sure  the  two  projecting  radii, do  not  drop  in  drilled 
hol6s  atop  injgfcttfr.)  '  •  . 

Place  i(%jector  spring  on  hbld^down  plate  with  closed  end  cjowh. 

(NOTE:  Spring  must  seat  on  hold-down  plate^^Jf  spring  seats  on 
locking  cl^mp,  incorrect  injector  adjustment  will' result,  causing 
push^ube  arid  camshaft  damage.) 

Hold  Mjjedlor  sprin§  in  position  and  carefully,  insert  injecfor 
plunger/'  . 

(NOTE:  Qn  V->2  eagines  only,  position  plunger  in  irjjector  bore 
with  class  mark  on  the  plunger  midway  between  inlet  and  drain 
ports  o/'jn>ector^  theJnIet  port  is  below  the  ball  retainer  plug. 
This  will*  provide  the  same  operating- position  in  which  the  injector 
was  calibrated.)  ,    '  '  ~ '  *  */ 

Torqtre^  procedure  for  V-12  engine?  only  ^  ^ 

a.  >Mak'e  sure  injector  is' positioned  correctly  in  head  J 

b.  '    Tighten  one  capscrew  (use.  Nylok  *capsfcrews),  until'  clani^  ' 

*  contacts  bead  snugly;  then  back  out  one  complete  turn 

c.  Tighten  other  capscrew- to  a  torque' of  4  »to  5-^ft-lb  (5  to 

,    '  7  N.  m  V  . 

d.  Tighten,  first  capscrew  ta  7  to  8  ft-lb  (9  to  11  m) 

e.  .^  Tighten  second  capscrew      7  to  8  ft*lb  (9^-to.  11  N*^)*^ 

f.  Check  the  plunger  to  see  if,  it  is  free 
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JOB  StfEET  #2 
\     ,     •  •■  »  . 

g.  ^  Loosen  clamp  and  refl^r^ue  if,  the  jDUinger  is--not  free  ' 

(NOTE:  On  H  and  NH  engines,  position  plunger  in  injector  * 
bore*  with  class  mark  qn  the  plunger  toward  rear  of  engine. 
This  will  provide  the  same  operating  position  in  which  the  ^ 
injector  was  calibrated.)  ^         '     ^  '  -  ' 

11.       Torque  hold-down  capscrews  in  alternate  steps  to  11  to  12  ft-ll?' 
(15  to  ^6,  N.  m}  .  ■ 

Remove  and  install  PT.  (type  D)  injectors  -  <i 

1.  Rempve  injector  hold-do^n  plate  or  yoke-  T     "  * 

(NOTE:  On  some  engines  special  tools  are  needed. to  remove 
injectors,  consult  appropriate  service  manual.) 

r    a.     On  NH,  NT,  and  VI 2  serfeS  engines  ygu  may  insert  a  3/8-16 
•    '        eapscrew  ia  tapped  hole  in  hold-d6wn>plate  and  jack  injector  . 
from  hpd 

b.     Use  a"  right  angle  rolf  bar  or  pinch  bar  to  pry  injectors  from 
.  head  in  "V"  series  engines  • 

.    (WOTE:  When  pcvinq  up^^  be* certain  to  keep  the  plunger** 
and/or  injector  from  fumping  out  of  the  head  and  landing  \ 
on  the  .floor.)'  >  '  , 

2.  Remove  all  carbon  from  injector  copper  sleeves  : 

(MOTE:  Do  not  use,  anything  metal  to  -scrape  the  sleeves.  Use 
a  wooden  stick  with  a  ^c:le^cloth  wrapped,  around  the  errd.)  , 


3.  Lubricate  the  ".0"  rings-with  20  to  3t)  weight  lube  oil.  Do  not 
use  Lubriplate 

#'  ■   '  , 

4.  .     Start  injecto/,  into  bore,  guiding  by  hand  until  aligned  in  bore 

and  not  binding  ■  ' 

(NOTE:  1t  is  not  required  toJine*up  any  plugs  or  rotate  in jectoi" 
arouPid  in  any  position.  The  PT  -(type  ckvvil!  perforra  at  any 
position.)        ^  '^'^ 

5.  Place  a  clean  blunt  object  on  jnjector  body  and  "seat"  injector 
by  giving  a  quick,  hard  pysh 


JOB  SHEET' #2 


Listen -for  the  snap  as  cup  seats  in  copper  sleeve   '  ,  vf 

'^s  -  '  *  ) 

fNOTE:  Do  not  use  a  wQoden  hammer  handle  or  similar  tool 
to  install  injec^fSrsTBirt  or  splinters  from  the  handle  may  drop 
triXo  plunger /link  s?atfcausjng  early  fa^ure  of  link  or  plunger 
socket.  If  injector  i  >  npt  completely  seated,  the  "0"  rings  may 
be  damaged  if\ullad  down  with  the  mounting  capscrews.)  , 

Install  hold-down^  plates  or  yokes,  lockwashers,  and  capscrews 

(NOTE:  Be,  certain  plates  or  yokes- do  not  contact- crossf\ead 
'stems.)  -  '  • 

Torque  NH,  NT,  and  KT  capscrews* in  alternate  steps  to  1M2 
ft-lB  (15  to  16  N.  m) 

a.  Use  NyJok  capscrews  on  V-12  engines  and  torque  alternately 
to  11  to  12  ft-lb  (15  to  16  N.  m)  v  ' 

b.  Torque  V-6-149,  V-8-185,  V-378,  V-504,  V«"555,  V-8-265  and 
V-903  capscrews  to  30  to  35  ft-lb^(41  to  47  N.  m) 

Test  injector  plunged  for  movement  after  torqueing  hold  down 
cafbscrews.  If  p^tiioger  is  not -free,  loosen  and  retorque  capscrews. 
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'    •     ^  PT  FUEL  SYSTEMS  •  -  " 

;  uNiT'N^       ;  ■ 

■JOB  SHEET  #3-ADJUST' INJECTOR  PLUNGER-  • 
AND  VALVES  USING  TORQUE  METHOD- 


F. 
G. 


\.     I  ools  and  materials  '  ^ 

^     A.    V-378,  V-504,  V-SSS,  or  W.555  C.I.D.  series  Cummins  ^engine 

,  (NOTE:  For  specific  installation  and  model§:  get  detailed  service  and 

specifications  from  the  manufacturers  service  bulletin.) 

♦  B.    "Basic  hand  tool  set 

^'C.     lach-pounds  torque  wrench 

D.    Foot-pounds  torque  wrench 

^E.     Feeler  gauge 

Shop  towels 

■  •  C^.  . 

Safety  glasses    *  ^ 

n.    "Procedure  '     .        ,  ,     *  &  >  •     .       ^  / 

^,     (NOTE: ''Reforque  injector  hofd-dovvfTxIamD^ cap  screws  to  jrnanufacturer's 
specifications^  before  adjusting  irrjectorsM    ,  , 

;    A.    Position  vgJves  and>nark  al^nment  •    -       -  '    \'l  ^ 

'1-  crankshaft  in  direction  of  rotatioh  UTTtiTNo.  1-6  mark 

^  aiJpears  orTthe  vibratign  damper'' or  crankshaft  pulley  (FigUKe  1) 

(NOTE:  Son^  mbdels^rhay  have  "A"  marled  on  damper.) 


FIGURE  1 


i 
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JOB  ^HEET  #3. 


'  (NOTE:/  In.th'^oshion, 


both  >1nt;ake  ari^d  exhaust  valves  md^t 
be  closed  -for  cylinder  No.  1;  if  nbt,  advance  crankshaft  one^ 
'revo%tfon>  See  figures*  2  and  3  and'Table  1^  fof  firing  orde^.) 


FIGUBE  2 


Table  1:  Engine  Firing  Order 
Righli  Hand  Rotation  V8 
Right  Hand  Rotatiqn  V6 


.1-5-4-8-6-3-7  2 
'  1-4'2-5-3'6 


2.  *  Adjust  Injector  plunger'  then  '  jrossheads.  and  valves  of  first 

cylinder  as-explained  in  the,  following  steps 

3.  Turn  craiikshaft  in  dir'ection  oyrotation  to  next  "VS"  mar.k 
'  ^  corresponding  to  firing  or:der  bf ymgirig  anc(  corresponding- cylinder 


4. 


will  b?  reajdy  fo>  aclji^tment  ^(See  Tabfe^  T) 

Continue  turning  crankshaft  in  direction' of  rotation  and  making 
adjustments  until  alj*  injectors  and  Oatves  have  been  K^orrectly- 
adjusted  .    '  /  ^    -     '       .     ■  ' 

.  '*  ■ 

^  (NOTE:  Two  complete  revoluliohs  of  crar\kshaft  are  needed  to* 

"^  set  aU  injectoi?  plungers  a^^d^Valves.  Injector' anci  valves  can  be 
adjusted  for  only  one  cyM^^^t  .any  one  "VS"  setting.) 

B.^ /AdjusVcrosshead*         j  *  . 

^  1    .    4-oosen  valve  crpjshead  adjusting  screwJocRnut  aVVback  off  screw 
one  tarn  '    .  '  •        •    ''''       ^  ^  / 

'       .  -  .        *^  ^         -  '  ^ 

\     2.       Use  light'finger^Qressure.at  rocker  lever  xujntact  sl 
'  '  *  '^erosshead  in  contact  vvith  valve  .stem' jlwithout  adi 


0  hjOld 
screw) 


EMC 
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JOB  SHEET  #3 


3.    '.Adjust    crosshead    adjusting    screw'  according    to,  •  engirie  ' 
rnanufacturer's  specifications  (Figure  4)   •'  ,  - 


FIGURE  4 


r 


4.      ^  Hold  adjusting. screw  in  this  poskion  and  torque  lockQyt  to  values 
'  '  speci,fied  in  appropriate  .service  manual  (Table  2) 

Table  2:  Crosshead  L'ocknut  Torque 

** 

Without  ST-669  '  With  ST-669 


*25  to  28  ft-lbs 
(34  to  38  m) 

C.  -  Adjust  injector  plunger 


.22  to  26^ ft-lbs 
(30  no  ^5  N.  m) 


/ 


1 .  Turn^^justing  screw  down  until  plunger  conrtacts  cup  and  advance 
an  additional  15^  to  squeeze  oil  from  cup  , 

2.  Loosen  adjusting  screw  one  turn, 

3.  Using  a*  torqae  wrench  calibrated  in  in-lbs  and  a  screwdriver 
'  adapter,  tighten  the  adjusting  screw  to  values  shown  iui  Table  2 

.for  cold  setting  *  and  tighten  .  the  locknut  to  manufacturer's 
specification  figures.  (Figure  5)      ^  , 
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JOB  SHEET  #3 


FIGURE  5,  ■ 


(NOTE:  Seme  engines  use  different  hot  and  colpf  torque  settings.). 


4.  •  Hpid  injector  adjusting  screw  and  tighten  injector  adjusting  screw 
locknut  to  value  specified  in  appropriate  service  manual  IFigure 
6)  ... 


FIGURE  6 


\  Adjust  valves   ;       '      ,  ,        »  , 

*  \  '  *  ' 

\  (l^OTE:  The  same  crankshaft  position  used  in  adjusting  injectors  is  usetJ 

fot  setting  intake^  and*  exhaust  valvesj   

i\       Loosen  locknut  and  back  off  adjusting  screw  ^ 
2.  X     Insert  feeler  gauge*  between  rocker,  tester  and  top/oj  crosshead 
(NOTE:   .Consult    appropriate    service    manual    for exact* 


vspecificationsi) 
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UOB^SHEET  #3  '  , 

^  Turn  screw  down  until  lever  just  touches  gauge  and  lock  adjusting 
screw  in  this  position  with  locknut.  (Figure  1)\ 

Torque  locknut  tA  values  indicated,  in  service  manual 
FIGURE'?^ 
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PT  FUEL  SYSTEMS 
•  UNIT  V 


•  JOB  sheeY  #4-install  pt-r  fuel  pump  and  adjust 

r-    ^  -■      HIGH  AMD  LOW- ENGINE  IDLE'    ■  . 

Toots  and  materials         *  ^   '   j  *  ^   .  ^  \. 

''A^    Basic  hiand  tool  set  *     *  ' 


*  B.     Cummins  enginev  using  PT-R  fuel  ^ump^  . 
.C.    PTR  fueJ  pump  pcoperLy  calibratecl 

D.  4and  tachotneter^ 

E.  Idle  adjusting  tool  '         '5  ,  ,         '  ,      ^  • 
JF./'' Shop  towpis             ^                        •  . 

Procedure"       ^       •      '       •  -  -    *  •      .   '  v 

■  A.    Inetall  pump         '   "       •    ,     '  ' 

(NOTE:  Injectors  and. valuies^' should  be  set-to  specifications  and  engine 
•\A/armed.to  operating  temperature.) "  >  %' 

^  ,  -  *  ■ 

.  1.  Install  fuel  pump  to  acces5*bry  drive  onto  compressor  with  new 
gasJcet^ncf  proper  rubber  buffer,  nylon  buffer  or  splihe  coupling 
and  tighten  securely  •     '  "  ^ 

2."   -nSquirt  somejclean  lube  oil  jntp  gear  pump  inlet  hole 

r(NOTE:  This -aids  gear  pump  fu'el^ pick-up.)   ^      -  *    *  • 

A    ^  3.       Connect  the  fuel  pulnp  copper Jine  ^foni  thet  pump  shutjoff  valve 
^    ^  SO  the  fuel  nfiapifold.-  "     '       \    ^  - 

(NOTE:  The  throttle  leyer' linkage  should  not  be  connected  to. 
the  throttle --.lever,,  thus  leaving  fFfe*"  throttle  free  for  pump^ 
^  '  adjustments.) 

*       *  "  *  . 

4t       Install  tachometer  to  fuel  pump  t9chometer» drive  shaft  conneclion' 
br,  use  hariU  tachometer  ^  -     '         '  *  * 


5. 


Conhect'lhe  shut-off  N^afve  electricaf  connections^ 'properly,  le^ing 
/the  manual  control  button  In  a  closed  position  (screwed  out) 

Conrfect  pump  drain  line  to  hoJsing  . 
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JOB  SHEET  #4 


\ 


B.    Set  governor  ^ 

1.  •   ,  Set  idle  speed 
a 


r 


Operate  engine  a  sufficient  period  of  tinie  to  purge  air  from 
th^  fuel  system  and  to  bring  engir^e  up  ta**t)perating 
temperature  (at  least  leB""  F.  oil  temperature) 


b.  Remove  pipe  plug  from  spring  pack  cover^ 

c.  Install  idle  adjusting' t9ol  (Figure  1) 


FIGURE  1 


d. 


e. 


Operate  epgine<?a^fficient  periodfof^ti'me  to.,  purge  a+l  afr 
from  the  fuel  systerp  after  idle  adjusting  tool  is  fnstalled  in 
spring  pack  cover 

Turnjdie  adjusting  screw  in  to  increase 'or  out  to  decrease 
the  speed     '  v        .  .  . 


(NOTE;  The^  idle  adjusting  screw  is  held  in  position  by  a 
spring  cTip.  Consult  appropriate  service^  manual-for  exact  idle 
speeds.)  /   .  , 

Rempve  idle  adjusting  iool  and  replace  pipe  plugyyhen  idle 
speed  is  ggjjr^^t^^     '  .  ■ 

(NOTE:  On  the^ mechanical  variable. speed  governor  fuel 
pump  the  maximum  and  idle  adjusting  screws  are  located 
,on  go\/ernor  cover;  adjust  idle  by  loosening  reaf  idfe  adjusting 
screw  locknut.  Screw  adjusting  screw  in  or  out  to  get  speed 
required.  Tighten  adjusting  screw  lockrmt  immediately  after 
adjustment  to  prevent  air  entrainment.) 


JOB  SHEET  #4 


2.  Spt  rated  speed    ,     •         '  •  . 

'  A  " 

.  fNOTE:  The  engine  should  bej'foaded')  on  aq  engine  or'chassis 
dynamometer  to  perform  this  check.  Normally,  this  actjustment 

-  IS  made  on  the  fuel  pm\p  test  stand  as  the  fuel  pump  is  cafibrated 
and  does  not  need  to\e  changed  on  the  engine.) 

3.  S?t  engine  hi-idle'or  maximum  no-load  speed 

(NOTE:  This  check  should  not  be  used  to  check  or  make  governor 
speed  adjustments.  If  tfie  hi-idle  speed  is  significantly  greater  than' 
specif^ations,  the  governor/ assembly  should  be  examined  for 
malfunction^  of  improper  parts.)       ^  ;      ^  ... 


0  ■  186-E 


PT  FOEU  SYSTEMS 
.  UNI*rV  . 


\ 


1% 


.  JOB  SHEET*  #5-TEST.  AND  ADJUSpTT-G  F-UEL  PUMP 

■      ■         \  ^  -  • 

(NOTE:  The  job  sheet  derailed  hejris^enera/and  requires  the  use  .of  test  stand  manual, 
pump  specifications  ^heet  and  tWe  apprbf^i^e  engine  service  rrranual.) 

I.    Too^  and  matenals 
'  *  A.    Basic  hand*  tool  set 

B.  Test  stand  and  adapters 

C.  Te^t  stand  manual  \ 

[>.    Pump  special  tools  '    ^  ' .        ^  * 

E.  PT-G  fuel  pump  ^^^^^ 

F.  -Pump  specification  ^eet^  '  .  ■ 

G.  Lint  free  shopMowels  ■ 

H.  Eye  protection  ^  •      ^  ' 
II.,  Procedures  * 

A.  Thoroughly  .clean  pump  e>cterior 

*         -B.  DraiQ-  all  fuel  from  pump  and  fill  with  pump 'Stand  ^oil 

-  C.  Mount  pump  as  descnbed  irT pump  mounting  section  of  manual 

—  ,  (NOTE:  Rfin  all,  tests  With  fuel  temperature  at  gO*"  F.) 

D.  Test-Pump  run-in  ^ 

1- .      Determine  pump  rotation  with?^  stand  in  high  range 

'  "  ■  ^       *  ^  ^       •  \  ' 

Z       Open  pump  shut_do\JVn  valve;  m*ani,fo)d  vaJvQ,  and  suction  valve 
*   on  pump       "    "  •       ,  c    '       ^         ^  ,  .  . 

Close  idle  valve  and  Bypass  valve  on;  pump  discharge  line 

Turn  on  pump  stand  and  run  ulS  to  500  rpm  for  pump  to  "pick 
up  prime  .^>v      A'  •  - 

Ru^pump  to  rated  speed  for  5  minutes  to  sea^r^thgarings,  flush 
pump,  and  purge  air^  ""1 

Check  for  air  in  .flow^  metefi 


3. 
4. 

5. 


v 
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»  JOB  SHEET  #5  * 

E.    Test-Gear  pump  suction-^Operate  teisr  stand  at  500  rpm  and  close  suction 
^  -  7  *      valve  to '25 '  vacuum  '  ^    ^  . 

F^-.  *  Test-Pump  suction  adjustment  •  *  «  - 

•    *  ,  .i  1.^      Turn  stand  to  300  rpm  below  rated  speed- 

'     ^     -  2!       Adjust  auction  valve  to  8"  vacuum  for' remainder 'of  tests 

G.    Test-Total,  fuel  flow  .  ^        '  *  _ 

:  1.       Open  manifold  valve     .7       '  ,  .  ^ 

*      '  2.       Close  idlft:  and  i)ypass.  valves  .  ^  ^ 

r  *    .  "     '  ' 

3,  Set  suction  valve  to  8"  vacuum     .  • 

4.  Raise  test  stand  speed  to  PT-G  pump  rated  speed  given  on 
calibratioa  sheet  '  . 

*  t.    .   Adjust  manifold  valve  until  flow  meter  float  indicates  the  flow 
specified'under  '*flown1eter-lb.  tir.  @  rpm"  on  thje  calibration  sheet 

J         H.^  Test-Governor  cut •t)ff  sbeed.  .  .  '  yl^ 

'1.       Place -throttle  irf  full  fOef  position 

2.  Increase  test  stand  speed  to  a  point  where  pressure  begins  to  drop 
and  Check  pump  speed  which  should  be  vyithrn  limits  for 
"Governor  Gat-Off  RPM"  on  calibration  «heet  ^ 

*    ^    ^  (NOTE:  If  spee'd*is  outside  limits^j  .add  shims  on  high  speed 

.       ,  governor  spring.  Remove  shims  to  jbwer  speed.  Each  XXiV^  of 

shim  will  change  2  rpm.)        ^-^-'^^    ■  •  ' 

>  3.  "     After  adjusting  ^Governor  Cut-Qff  RPM  raise  stand  speed  until 

Pressure  Gauge  drops  to  40  PSI*or  what's  stated  tfnder  "Governor 
*  *   , Setting  PSI-RPM/*  in  specification  sheet     ^  • 

^  *  »  .  (NOPE:  If  more  thanHo-15  rpm  higher, ]^change  in.gpvernor. 

*  ^  '     .    parrel-  and  plunger  may  be' needed.)  f 

■I.     Test-Throttle  leakage         *  *  . 

\     1.       O^frate  a  test  stand  at  rated  speed  and- flow 

,A     2-    -.  Hold  throttle -in' idle  position  vvith  throttle  spring 


~3^    "  Open^  bypass  v^alve  and  close  mjaTiifold  valve 


JOB  SHEET  #  5  ••      '  ■ 

•  4.       Place  "graduate"  under  bypass  tube  and  collect  fuel  for  30, sec. 

5.  '    Compare  doubled  amount  to  specification  sheet'  and  adjust  front 

soreyy  to  required  amount  .  ^  ^ 

■•  •  .  -     \_j  •■  -  * 

(NOTE:  If  leakage  cannot  be  reduced  to  correct  leakage,  excess 
.wear  to  throttle  shaft  \t  indicated.)  ^ 

6cv   ^  Lock  screw  when  setting  is:  correct 

Test-  Idle  fuel  pressure       *  .  / 

*  ■*  *  •* 

1.  '^Reduce  test  stand  speed  to  500  rpm  or  speed  stated  on 

Specification  sheets    »  ,  • 

2.  Open  idle  va^lye  and  close  [iianifold  and-bypajs  valve 
-^3.       Hold  throttle  in  idle  position 

4.  '    Note  reading  gn  pressure  gauge  ,  ' 

.5.       Adjus^idle  screw  in  spring  back  cover  to  correct  pressure^' 
(NOTE^*  Screw  in  to  increase  and  out  to  decrease 
•   pressure.)  *  ^ 

6.  ^  Purge  air  after  each  setting  « 

Test '-Man  if  old  fuel  pressure  f     '  :  ^  / 

'  1.  ,    Open  manifold  vlh/e;and 'close  idle^^and  bypass  valve 

2.  Place  throttle  in  full  fuel  ;position 

0 

3.  Run  stand  at  rated  speed  and  adjust  manifold  valve  tp  total  fuel 
flow  •      *  .  t 

(NOTE:  Pressure  should  agree  to  jspecfFication,  adjust  shims  in 
^      throttle  shaft  to  r^ad  3  to  6  PSI  higher  than  specification  sheet.) 

4/       Reset  flow  meter  jto  specifications  ""^Jy*^ 

5.  Turn  ia^ rear  throttle  screw- to nrim  (^ff  3  to  6  PSI  aad  bring 
pump  to'^'-specification       ^    ^  * 

6.  Recheck  governed  speed  and  'pressure 


JOB  SHEET  #5 

*L.    Check  point  pressure  ^  ' 

1.  '   .Reducf  ,sjand  speed  to  "Check  Point"  speed  * 

2.  Cheek  mar§foJd  pressure  at  check  point  ^peed,  if  above  or  betow, 
'  check  torque  sprmg.for  seating,  shinriming  and. part  no. 


If  spring  k'^aiiged  recalibrate  pump 


M.  Check  wefght  assist  pressure  ^ 
s 


1.       Reduce  stand  ^peed  to  500  r^nr^ 


(NOTE:  Manifold  pressure  should  fall  within  specification  under 
•    "Weight  Assist  PSI.")    ^  '  .  ^  ^  • 

*  .     2.     ^Add  shim^  in  governor  weight  carrier  to  raise. pressure^ 

3.       flemove  shims  to  lower  pressure 

•  4.       If  shims^are  changed,  recalibrate  pump 

N.    Drain  and  remove  Rump  from  '\&st  stand- when -r'a I ibi^tion  is  complete 
CT/  Seal  Jll  openings  in  pump  ,  •    .  ■ 


\ 


PT  FUEL  SYSTEMS 
•  .     UNIT  V  . 


NAME, 


TEST 
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\ 


2. 


Match  terms  ;on  the  right  to  the  correct  definitions. 

 ^a.  Pressu re  time   system   based  oq  the 

K        principle  that  the  volume 'of  liquid  flovv 
is  proportionate  to  the  fluid  pressure, 
the  time  allowed  to  flow,  anB^^^he^sfze 
of  the  pfiassage  through  which  the  liquid 
.  '       .  flows 


^b.  PT    fuel    pump    which  iVy^ovemor 
controlled  •  >  , 


.•  c.  PT  fuel  pump  which  is  pressure  regulated 

 d.  To  get  rid  of  trapped  fuel  '  ' 

 e.  Engine  rpm!s  under  full  load  • 

 ^f.  To  supply  in  a  rheasured 'amount  . 


1. 

Purge' 

2. 

■  Meter 

3.  - 

PT  t^pe  G 

4. 

PT  type  R 

I'  5. 

,  Rated,  speed 

■  e:  ' 

PT  system 

* 

7. 

High  idJe  or 

maximum  no 

load  speeds 

g>  Engine  rpm  s  with  no-load  and  throttle^ 
fully  open 

Name^  the  three  rriain  parts  of  the  PT  fuel  system, 
a./     .                  '       ^         ^  .  . 

c. 


3.       Match  th'e  main  units  of  the  PT  pump  assembly  on  the  right  to  their  functtons. 

jd-.  Dr^ws  fuel  from  supply  tagk  forcing  it        1.       Pressure  " 
•  ,       through^e  pump^ filter  screen  into  the     "  regulator 
^''^'^7'  pressure  regulator  v^lu%  ^  ' 


 ^b.  Limits  the  pressure  of  the  fuel,  to  thp 

injectors 

c.  Provides  a  manual  control  of  fuel  flow 
to,  the  Injectgr  ^under  all  conditions  in 
the  operating  range _    "     ^  >  * 


Controls  the  flow  of  fu?l  from  idle  to 
maximum  ^governor  speed 


a. 

i.  4. 


Gear  pump 

Governor  , 
as§embly 

Throttle" 
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4.    .  PiscusT'the- operation^df  the -PT*  injection  system. 


5.      State  the  function  of  the  pulsation  damper. 


6.  '    Explain  ^the  operation  of  the  mechanicaLgovern^r.,' 


t 


■k 


8.° 


■    ■  ^ 

7.    •  Name  "two  tyj/es  of  PT  injectors; 
a. 


^toh  the  operational  steps  of  the  PXJnjectors  at  the  right  .to  theif  description 
on*  the  left,  /  '  .    .  / ' . 


a.      1)       Fuef  eQters  the  ihjeptor-at  fuel   ^    1 Injection  .  * 
inlet  «  .  ^ 


2) 


etSering     orifice  c?bntrq[$ 
quantity  of  fDel  tftaf  enters*  * 
the  injector*  cup  ^ 


< 
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2. 

3. 


.  Metering' 
Parking 


_^b.      1)       Downward  plunger  rhovement  , 
tuts    off    fuel    entry    into  . 
*  injector  cup 

2)  Continued  '  downward 
movement  forceps  fuel  from  * 
injector   cup    through,  the 
orifice      into  combustion 
chamber  .'^         ,  ^     *  ^ 

3)  While  plunger  is  down'  fuei 
:  ^  .           *  passes  ^  through   upper  hole  A 

around  undercut  in  plunger/ 
'        through  return  passages  to  thej 
ftfel  tank  "    ' . 


I  J>.      t)       Plunger  remains  "seated  after  ^ 

^         *  injectipn  .  ^ 

2) ,  Plunger /ises  on  next  metering 
^  operation' 

\    Demonstrate  the  ability  to:   -  ^  *"    •  •  ; 

a.  Remove  ^nd  install  flaige*type  PT  injectors   \  ,  * 

b.  Remove  ^nd  install  RT  (type  B,  C,  and  D)  injectors.  ' 

c.  ^  Adjust  injector  plunger  and  yakes  usipg  torque,  method. 

d.  Install-  PT-B  fuel  pump'  and  adjust  high  and  low  engine  idle. 

e.  Test  and  adjust  PT-G  fuel  piimp.  ^  t 

-(NOTE:  If  these  activities  have  not  been  accomplished  prior  ^the 
^    your  instructpr  when  they  should  be  completed.) 

'X'   '         -  '  ^         •    ^  .  . 


{IS*' 
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PT  FUEL  SYSTEMS 
,  UNIT  V 


'IJ.  \  ANSWE  RS  jo  TEST 


,  / 


"a 

e. 
f. 

g- 


1 

5 
2 

.7 


'a.     Fuel  pump  •  »'  - 

b.  Supply  lines,<.dram  lines/ and  jiassages 
tec.  Injectors* 


\ 


a. 
b. 

c. 
d. 


2 
1 

4 

3" 


A* 


4.       Dtscussibn  shei4ld  include:  "  ,  ■  •  -  - 

.'^  a.     Gear  type  fuel  pump  delivers"  tu el  through  "a  restri'ctifig  thro«le4o  the 
governor  '  '    '  ■ 

b.     Frora.the  governor,  the  ^el/^oes  to  a  manifold  which- feedsl^m-oper^tecl 
injfectprsJn  the  cylinder  head  '  r        .      *  .  . 

.    V  *  c.     Injector /^ses  prfessure^to  produce  a^ood  spray  and  times  the  start  of 
\       injectionj^                          •  .  . 


The-cJamper  pontains  a  steel  diaphragnrv  which  absorbs .pulsatwns^  and  smooths  * 
fueUflom^throojah.  system-  ^.  *     ^  - 


.  i  6. 
1  . » -. 


Explanation  Sliduld  inclfide:       \  *;   -  ^  ^  '  * 

^  ^Between  idle  |hd^aximun?  speedj  fuel ^lowff  through  the  goverrtor  to  the^  - 
|njector  in  accordance  with  enginV  requirements  as  controlted  by  the  throttle  - 


194-E 


b.  .  When  engine  reaches '  governed  speed,'  the  governor^  weights  move -the 
governor  plungers  so  fuel  passage  to  the  injectors  is  shut^ff 


p. 


Fuel  leaving  the  governor  flovyr  through  the  sjjiut  doWn  valve, jnlet  supply-* 
lihes,  and  onto  the  injeclors  '  '       *  *        *        .  ^ 


7. 


a. 

,  Flanged 

✓ 

b. 

Cyjindrical 

a.  / 

2 

m 

b| 

1  ■  - 

c. 

3 

\-'-"' 


9.    *  Performance  sRills  evaluated  to  the, satisfaction  of  the  instructor 


/ 


>t  V 
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'  INJECTION"  NOZZLES 
UNIT  VI 


UrJiT.  OBJECTIVE 


After  completion- of  this  unit,  the  student  should  be  able  to  explain  the  operation  and 
list  the  functions- of  the  injection  nozzle.  The  student  should  also  be  . able  to  match  : 
characteristics  to  the  type  of  various  spray  valves.  This  knowledge  will  be  evidenced  through 
demonstration  and  by,  scoring  eighty-five  percent  on  the  urftt  'test. 

  -  •  ^ 


'  SPECIFIG  OBJECTIVES 

J 

After  completion  of  this  unit,  the  jtudent  shouftH^^able -to: 

1. 

7 

'  Match  terms  associated  with  injection  ndial^  to  the  correct  definitions. 

.  2. 

List  two  functions  of  the  injection  nozzle. - 

3., 

Name  four  moving*  parts  in  the  injection  nozzle.        ,  ^ 

4. 

Name  three  common  types  of^  nozzle  valves.  • 

5. 

Match  the  types  of  nozzles  to  nheir  characteristicsv 

c 

» 

-    Explain'  the  operation  of  the  injection  nbzzle. 

7. 

^Explain  how  the  nozzle  ope^ng  pressur€-4s  adjusted. 

1  ^ 

^  8. 

Demonstrate  the  ability  to  remove'  service,  and  test  an  injection  nozzle. 

INJECTION  NOZZLES 
UNIT  VI 

SUGGESTED  ACTIVITIES.. 


I.    Instructor:  *  /  * 

A.    provide  student  with  objective  sheet. 
♦.B.    Prpvide  student, with  information  and  job  sheet^. 

C.  Make  transparencies,  '  ^ 

D.  Discuss- unit  and  specific  objectives.  \ 
Er    Discuss  information  sheet.     ,      *  *  •  , 

F.  .Demonstrate  and  discuss  the  procedures  outlined  in  the' job  sheet*. 

G.  Demonstrate  lapf)ing  and  cleaning  procedures. 

H.  Give  test.  •        .  ' 
II.    Student;                    .  -  ^  J. 

A.  '    Read  objective  sheet.  ^ 

B.  '  Study  information  sheet.  -      *  %      '  . 

C.  Complete  job  sheet. 

D.  Jak^  test.  ,  .         v   •  - 

INSTRUCTIONAL  MATERI'ALS,  ■  •    -  , 


Includecf  Trr  this  ,unit:     '  '  . 

A.  Objective  sheet  ,  ^'.^^ 

B.  Information  sheet   *     '  J 


C.  Transparency  masters 

1.  •    TM  1  "Moving  Parts  in  Nozzle 

\  '       «  r  • 

2.  JM  2-Nozzle  Valve  Assefnbly  \ 

D,  Job  Sheet  #1-'5Remoue,  Service,  and  Test  an  Injection  Nozzle 

E.  Test'        •      '  ;    .  ' 

F,  Answers  to  test  *  '  >  V 


References:  *•    •     .  • 

A.    Tbfibldt.  BWi^'Diesei:  Fundamentals,  Service,  Repair  SoiitJ\  Holland,  llli/iois: 
GoQdheart-Willcox"  Conripany,  1973,     ^  '  '       ,  • 

Bj     Kates,  Edgar  J.,  apd  Luck.  William  E.  Diesel  and  High  Compression  Gas 
.  Engines,  Chicago:  American  Techni^at  SSCiety,  1974.    '      ^  *  • 

4  '  ■  '  *  '       ^         -      a    —       -  , 

6, Fundamentals -of"  ^en/ice:'  Engines.  Moline,  IHfhois: 'Deere  ahd  Company, 
1972.  '    "      /     '  .  \  ■  V     A     .  /. 

.D,    Robert  Efosch  Corpor^tibn.*  Bulletin  Number  221103.  4131 -A* Directors 
Row,  Houston,  Texas  -77018,  _  '  *         T      '  •  ' 


INJECTION  NOZZLES 
UNIT  VI. 


q  -/199-E 


INFORMATION  SHEET 


I.    Terms  and  definitions 

A.    Pintle- Valve  An  which  the  end  extends,  into  a ^  shank  or  pin 
'     I   B.    Orifice-Small*  hole 

^       C:     Injegtor  nozzle-'-Nozzle,  npzzle  holder,  valve  and  spring  assembly 
O.    Nozzle  assembly-Valve.-bocfy-'and  spray  valve' 

II.    Functions  of, the  injection  nozzle       -  '      ^  ^ 

^     A.    Atomizes  the  fuel  for  better  combustion 
'    .    B.    Spreads  t^llf&el  spray  to  fully  mi^^with  air      "  *  , 

III.  Moving  parts  (Transparency  1^)  .  ' 

A.  Valve  •     \  "       .  "  . 

B.  Spring  ,  " 

C.  Spindle(3    *      ^  ^ 

D.  Retainer  ^  .  ^ 

IV.  Types  of  common  nozzle  valves  (Transparency  2)  ^ 


A.    Single  hole 


,f  '  >    B,     Multiple  orifice       v  •       ,  • 

•  ■  C.   'Pintle  type,  single  hole^        ^  ^       •        -  ' 

.V.    Nozzle  ch'aracteristics  (TrSnspareney  2) 

A.  Hole  type-Used  for  engines  with  ppen  cohibustion  chambers  ,  " 

B.  Pintle  type  (inward-openingl-Prgduces.a  hollow  spray;  usedf  for  engines  with 
precombustion  chambers  or  energy  •Cells 

C.  Pintle^type  (outward-opehingl-Does'^g&t  dribble  fuel;  us^for  engines  with 
precombustion  chamber  or  energy^^^l  * 

D.  .Multiple  orifice- Variation  of  pintle  typfe*"  holes  have  a  tende^icy  to  clog 
\lk    Operation  of  ilijection  nozzJe 

Hydraulically  operated  by  ' fuel  delivered  from  the  injection  "pump 

♦  .     -  ♦  . 


,    INFORMATION  SHEET 

f  '  ^      ■  '  -'  ■  . 

B.    Spring  loadefl  valve  is  lif;ted  allowing  pressurized  fuel  'to  spray  out  through 
one  or  more  orifices  into  combustion  chamber 

^        (NOTE:  Some  injection  nozzles  have  adjustable  valve  iffts.  Refer  to 
manufacturer's  service  manual.)^  -  '  . 


VjIL    Adjustment  of  nozzle  opening  pressure-Adjusted  by  a  screw  or  shims  on  ,the 
'  valve  spring  (Transparency  1)  '  " 


'  Fuel  Leak-Off^ 

Pressure  Adjusting 
Screw 


Pressure  Spring^^ 
Locatihg  Clamp  — ♦ 

Nozzle  Body 


Moving  Paris  In  Nozzle 


Seat 


gERJC 


807 


Lift'Adjustmg  Screw 


Fuel' Inlet 


Nozzle  Valve 


Retaining  ^crew 
Gasket 

Protection  C9fD 

Spring  Adjusting 
Retaining  Cap  Nut 


Spindle  Asserribly 
Nozzle  Cap  Niit 


Dowel  Pin> 

■  -0  -       '  •  *'  - 


Retaining  Screw 


Protection  Cap 
Gasket 

Pressure  -  .  •  > 
Adjusting  Spring 


.   Nozzle.  Holder 
Bo(^y^, 


•  Nozzle  "Sasket^^^! 


ADB*  Nqj^leVAsseiTibly 


-i 


ERIC 


803 


4 


Closed  (  PV-Open 
,  Outward-Opening 

PintlaType 


Closed 


Open 


Inwdrd-Opening 

Hole-Type 


0 


o 
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INJECTION  NOZZLES 
.    ,  •   UNIT  VI 


job"  SHEET  #1--REM0VE,  SERVICE,  AND  TEST  AN  INJECTION  NOZZLE 

'  ■       ^  . 

I.    Tools 'and  rhaterierfs 
•  ..*'' 

A.  Nozzle  »tester  '  \  '     "  ,  . 

B.  Appropriate  service  tool  kit  '        -  •      L.^  >r 

'    *  .  *.  ' 

II.    Procedure  "  ^  ' 

'        .  ^  ^        ~  ^'  ' 

(NdTE:  The  job  sheet  detailed  here  4s»generar.  For  specific  installations  and 
models  <  follow  the '  specifications  and  procedures  according  to  the  engine 
.  manufacturer  s  instruction  mar)uarl,)  .      .  ^ 

\A.    Remove  nozzle      .     )  ,  • 

1.  ,  •  Clean  the  3rea  around  the  nozzle  -  *  .  • 

^  2,       Remove  and  cap  ttie  injection  and  leak-off  lines    .    '  ^ 

3.      'Remove  the  nozzle  from  'the  engine 

^  (NOTE:  Some  .nozzles  may  require  special  tools'or  tD>iocedures» 

^or  removal*  See  manufacturer  s  servite  manual.)  i 

Clean  nozzle  *  '  , 

•  '    '  '  *  .  1. 

'  r  1.'      Soak  entire  nozzle  assembly  m  clean^olvent  or  cafibration  fluid 
.    aiter  discarding  outer,  seals  ,  ^         Si  *     .  — - 

:    '  "  .  "  .  ^  • 

,    2.       Clean  and  decarbon  spray  tip  and  nozzle  body  wfth  a  brciss.wire 
,     brush  tFigure  1)'   '  '  ^  - "  * 

•  *  •  "   T  '  *    ,  • 

fNOTE:  isfever  use  emery  cloth  or  steel  wire  brush  because  the, 
precision  ^ip  will  be  damaged^)    _  *  'r 


FIGURE  1 
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JOB  SHEET  #1 


Test  nozzle        ^ '  ^  •  . 

{NOTE:  All  nozzles  rec^uire  careful  handling  and  a  special  tool  kif  to  perform 
any  service.  When  working  on  sevferal  nozzles,  DO  NOT  mix  nozzle'parts.) 


1. 


Place  nozzle  into  nozzle  holder' 


2. 
3. 


Tighten  nozzle  nut,  first  by  hand,  then  with  .correct  size  wrench 

Torque  nozzle  nut  according  to  the  values  given  by  the  engine 
manufacturer's  specification  •  ' 

Connect  the  nozzle  holder  with  the  delivery '  line  to -the  tester 

Enclose  nozzle  in  transparent  beaker,  if  possible  (Figure  2) 

(CAUTION:  The  fuel  comes  out  of  the  nozzle  at  extremely 
high-pressure  which  can  penetrate  cipthing  and  skin  and  cause 
,  injury.  Always  keep  the  nozzle  pointed  away- from  you  or  en.close 
in  beaker.)  */  * 

I^IGURE  2 


Test  for  nozzle  jamming  by  pressing  hand  lever  of  nozzle  tester 
4own  quickly  (6-8  tiiDies)  wrth  the  pressure  gauge  bypassed 

•         ^  ; 

(NOTE:  When  valve  moves  properly, •t'he  nozzle  should  chatter 
with  a  shrill  whistling  buzz.  An  exception  to  the  rule  is  the  type 
nozzle  with  pne_or  two  small  spray  holes  that  will  not  chatter 
when  lever  is*  operated  quickly.)  '  ,  ' 
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JOB  SHEET, #t 


/  A. 


7. 
8. 


Open  pressure  gauge- 


Slowly  depress  hand  leVer  until  the  nozzle  ejects  with-slTght 
chatter 


9.       Take  reading  of  opening  pressure  on  the  prrf^sclre  gauge*  < 

Vjer 


10. 


fNOTE:  Adjust  to  \{jening  pressure  specified  in  the  engine 
operating  instruction^.)   •  ^   '        a  • 

If  reading  differs  from  specified  opening  pressure,  turn  adjusting 
screw,  (Figure  3),  or*change  total  shim  thickness  (Figure  4) 

(NOTE:  Opening  pressure  is  not  adjusted  by  shims  on  all  models.) 


FIGURE  3 


FIGURE  4 


D.    Test  le§kage--0|Dera:^e  th^h^^leyg^j^f 't^^  tester  untjl  the  pointer, 

on  the  pressure  gauge  indi^tks^l^mf^^^  opening,pre$sure' 

(NOTE:  The  nozzle  is  considered  l%ljprofef  If  no  oil  emerges  at  the  nipple 
tip  within  10  seconds.)  '         ^  '         '  . 


81 


S' 


2. 


•  4. 


5. 
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INJECTIONvNOZZLES 
UNIT  ^1  ^ 


^NAME_ 
T€ST<        ■  f 


Match  the  terms  on  the  righfto  the  correct  definitions.     *  ' 

 ^a.  Valve  in  whjch  the^end^eictands  into  a       t  Orifice 

.  shank  or  pin  •  ,  x  • 


b.  Small  hole 


^c.  Nozzle,  nozzle  holder,  valve* and  spring 


assembly 

,  ^^^^^  ,  t  ,  ' 

 d.  Valve,  body,  and  spray  valve 

List  two  functions  QfTthe  injection  nozzle.  ' 

^-       Vi?''^;    - .  .  ■ 

b.   .  ■  ' 

Name  four  moving  parts.  In  the  injectiort^Hozzle. 

...  *       Tv  - 


i  2. 
3/ 
.  4. 


Jniector  nozzle" 
Pintle  ,  . 
Nozzle'  assembly 


b: 

p.  ' 


^nozzle'  vaW0$.    .  ' 


^ 
a. 

b. 

c. 


ir-    •  h' 


Match  the 'types  of  nozzles  on  the  rigTff  't^)' fhlir  characteristics.  .  ' 


J  ^3;  Used  'for  engines  with-opeij  coi|i|jCis^n  ,  pintle  type  . 

chambers              -        '      1  ^  (outward-opening) 

Produces  a  hollgw  sprav:usedfor  engines  .  ^2.  Multiple  ^  .  '4 

with  precombustion  chambers  Qp  emergv^  /.    orifice,    *  " 

•  c®^^        '                 ^  '  '  ^     •  •      ^  *  * 

.V  ^      '  Pintle  type    "  ' 

^  c.  Does  not  dribble  fuel;  used  for  engines  -  ^{inward-openingi  > 

with  precombustlon  chamlterl  or  ♦energy*  ^  • 

.cells  >^               1^     \          ?  4.  :'^Hble  typfe** 


d.  Variation  of  pintle  type;. holes  have  a- 
tendency^  to;  qlog/ '     .  / 


210:& 


6., 


ExplaiQ  the  pperation  of  the  infection  nozzle. 

>  - 


Explain  how  the  nozzle  opening  pressure  is  adjusted. 


1/ 


J. 


8.      JDemonstrate  the  abilky  to  remove,  s^jvice  and  test^  injection  hozzJe. 

*    (NOTE:    If  the  above. activity  has  not  Ijeen  accomplished  prior  to  the  test,  ask 
your  instructor  when  it  should  be  coiifj^leted,) 


7  . 


SI  5 
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-INJECTIONS-NOZZLES 
UNIT.  VI 


ANSWERS  TO  JEST 


a.  3 

b.  1 
c. 

.d. 


a 


2 
4 


Atomizes' the  fuel  for  better  combustion 
b.    5preids  the  fuel  spjay'to  fully  mix  with  air 


a.  Valve 
* 

b. ^  Spring 

c.  Spindle 
di  ^Retainer 

a?  Single  hole  #^ '  ^ 

b.  Multiple  orifice  c 

Pintle  type,  single  hole 

3         .        ■  • 


■1 


.it] 

\ 


1 


,  6. 


'd.  2 


Explanation  should  include: 


A' 


-    '  delivered  from  the^injection  pump 


out  through 


^jy^  '^^-y^  \        ^P^9  iBaded  ^(#1^^  ts  lifted  allowing  pressurized  fu^.Ltd  spray  ou 
^\r^^mi^  \i   '     one^or  more  qrif ic^s  jjnito^  corftbustion  chamber  >  ^ 

*i  ,^zz  J^J^'^''       Brxplanatiofi^shoufd  include^vAdjusted  by  a  screw  pr  shims  dla  the  valve  spring 
"  8r^-  ' Perforrhance*:^0(^  the. satisfaction  of  th?  instructor 


GOVERNORS 
'   UNIT  VII 


UNIT  OBJECTIVE 


/ 


After,  completion  of  this  unit,  the  student  should  be  able  to  explain  the  operation  of 
the  gpvernor  on  loadlncreaje  and.  load  decrease  and  explain  how  a  mechanical  and  hydraulic 
governor  differs.  This  J<nowledge  will  be  evidenced  by  scoring  eighty-five  percent  on  the 
unit  test.     •  - 


SPECIFIC  OBJECTIVES 


After  completion  of  this  unit,  the  student  should -{^e  able-to: 

Match  terms  associated,  with  governors  to  the  cOcrect  definitions. 
List  three  purposes  pf  a  goverAor/  ,  ^ 


Name  two  basic  types  of  governors  using  flyweights. 
Explain'  how  a  mechanical  gbverngr  and  hydraulic  governor  differ 

Name  two  types  of  mechanical  governors. 

'    /  •     •  • 

Name  two  types  of  hydraulfc  governors.  ^ 
4  - 

Match  thej<inds  of  governors  to  their  special  functions..-- 

•    "      r     ,  '         '  -  ■ 

Match  the^  types  of  governors  to  their  characterfstics, 
»  * 

Explain  the  operation  of  the- governor -on  load  increase. 

'  .  '  '        d  *  '  . 

-Explain  the  operation  of  the  governor  on  load  decrease. 

^         *  • 

Identify  the  positions  of  flyweights  .for  load  increase  or  decrease. 
Describe  the  characteristics  of  an  i)5ochronous  governor. 
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GOVERNOftS  .       \  . 

UNIT  VII  '  *. 


SUGGESTED  ACTIVITIES 

J.  •  Instructor:  I   -  '  , 

A.    Provide  student  with  objective  sheetr" 

>  '  1^  ^  "  .  " 

.  ,    B.    Provide  $tudent  with  information  sheet.  • 

C.    Make^  transp^ncies.  . 
"  -   ^D.    Discuss^^t  and  specific  objectives; 

E.    Discuss  m formation  sheet. 
'   '  .\  F.'    Give  •test.  *  ^* 

II.    Student:  .  *• 

A.    Read  ^objective  §heet.  ,     -     .  • 

-        '/^tudy  information  sheet..  " 

C.    Take  test. 


I 


:  P 


.  4^  fs 


r 


INSTRUCTIONAL  MATERIALS  ■ 
I    jncluded  in  this  unit:     -    -  *    '  -     v   .  ^   .      '  • 

/  *  •      -  •         ^   — 

A»    Objective  sheet      *       ^  '      -  '         '  ^  ,  - 

V  B.     Infornriation  shget    •         -  «t  .  .      '    *    *  ^    ,  ^ 

'  ^  "  .  '  r 

*  C.    Transparency  masters  ^  ^  *  :  ^ 

,         ^       .1.^     TM  1 -Schematic  of  Governors  ^.  '         ♦  -     ^ •  • 

2.       TM  2"-Nonisoch4Xjnous  Governor  .  *  ^  * 

^  '  3.  "  ?  TM  3-lsochronous  Governor  \ 

4.  ^  ^  TI\?^^'-Governor  Operation  ,        %  ?•         -     —  ' 

D.    Test  ,    .        .  "  x  ^  —  *  ' 

-   '  >  '    '  .  '  •  ^  :^ 

eA  Answers  to  test        *   .     -  -  ,  '   •        *  ' 


V  .   '  ..  .  V" 

Ik    References:  v  * 

.  y       ^vi*^  V         •  - 

^A.    Kates,  Edgar  J.,  and  Luck,  William  E'.  Diesef  and  HigH  Compr^sion  Gas/\ 
,  \     Engines^  Chicago:  American  Technical  Society/  1974.        ^  * 

•  '     ^ ^'  B.    Fundamentals  of  Service:  Engine^.  Moline,-^lrnpis:  Deere  and  Company, 

V  T972.  .         .  ~  '  . 

*    «  C.    Toboldt,  Bill.  Diesel:  Fundamentats,  Service,  Repair.  South  Holland,  Nlinois: 

^   Goodheart-Willcox  Company,  J 973.      i       .       '         ■  * 
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GOVERNORS        ,   .  . 
UIMIT  Vtl 

INFORMATION  SH"EET  ^  .  ' 

terms- and  definitions  _  ,  *    ■  ^ 

A.    Governor-Device  that  controls  engine  speed  automatically  by  varying  fuel 
supply 

B;    Speed  driff--Gradual  deviation  oJ  the.  governed 'speed  above  or  below  the  ' 
desired  speed  •  ^  ,       -  . 

C.    Speed  droop-Change  in  governor  rotating  speed  which  causes  the  governor's 

fuel  controf^rod  to  move  from  full-closed  to  full-open  throttle  positioruor  ^ 
V     vice  versa  ^  ^  >^ 

D:    D«acL^ band-Change  in  speed  the*- engine  must  make  Defore  the  governor  ' 
will  make  a  corrective  movement  of  the  throttle       *   *  * 

(NOTE:  >  Dead  band  is  spmetimes  called  sensitivity) 
E.     Hunting  -Oscillations  in  speed  due  to  over  correction  by  governor  ^  *  - 

(Mote*  Hunting  is  sometimes  called  surging  or  rolling) 

f.    Sen/omotor-iPiston  moved  by'^fluid  under  pressure  '  ^ 

G.     Isochponous-Ability  of  governor  to  maintain  a  steady  engine  speed  at  any  )y 
load  ^  ^       "  ^       .  .  — 


H.  '  Flyweights-Centrifugal  ball  h6ad  moving  in  a  circular* path  J 
Purposes  of  a  governor  ^"^^ 

A.  Maintains  a^seilpcted  spe^d 

B.  Limits  the  slow  and  fast  speed  -  ♦ 

C.  Shuts  down  ^gngine  whQn  it  over-speeds     -     ^    .   "    •  ^ 
Basic  types  of  gov^nors  using  flyweights 

A.  Mechanical         .  •       •  -  \ 

B.  Hydfaulic  -  '  *  ,  .  -  ^  ^  -  *  ^  ^ 
Mechanical-  and  hydriuiic  governor  differences  (Transparency'  1) 

A.  Mech^nical^vei^or?  use  mechanical  linkage  to  change  engine  fuel  control  ' 

B.  Hydraulic  governors,  use  hydraulic  pov\^er  to  change  fuel  control  ^ 
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INFORMATION  SHEET 


V.    Types  of  mechanical  governors 

*  t 

^  A.    Limiting  speed 

B.     Variably  speed 

VI.    Types  of  hydraulic  governors  (Transparencies  2  and  3) 

»  * 

A.   'Permanent  speed  droop 

'  (NOTE':  Speed  droop  is  applied  .^o  prevent  hunting.)* 


B..     Temporary  speed  droop 


(NOTE:  Speed  droop  is  applied  and  .then  withdrawn  so  governor  becomes 
isochrorjous.)  '  . 

Vil.    Governors  and  their^special  functions  '         ^'  .  . 

.   '  A.    Variable  speed-Maintains  any  selected  engine  speedx 

B.  Over-speed"A  safety  device  which  shuts  down  thg  engine  in  cas^  it  runs 

top  fast       •  •       . '  '  ' 

'  >  *  *  •    ,  *. 

C.  Xoad  limiting-Limits  the  load  to  prevent  overloa'ding  the  engin^eft  whatever 
speed '  .it  "may  1)8  running  -    .     '         '  ^ 

or  Load  control-Adjusts  the  amount  of  load  applied  to  engine  to  feuit  the 
speed  at^which  it  is^set  to  rjjn  ^ 

VIII.    Characteristics  of  mechanical  and  hydraulic  governors^ 


A.  Mechanical 


•  •  1. 

2. 

.  3. 

B.  Hydraulic 


2. 


'Has  large  dead  b'arjds. 
Power  is  small 
Unavoidable  speed  droop 

Is  not  isochro.nous 


IP 


Speed  droop  is  not  convenient  to  adjust  .  <: 

(NOTE:  Speed  droop  must  be  applied  and  then  "withdrawn  tOv 
become^an  ^'ispchronous  hydraulic  governor^ 
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^  iwfori\4AtiOn  sheet   ^,    .  « 

Operation  ^^governor  on  load  increase  (Trapsparericy  4)  * 
(NOTE:  Engine  speed  decreases  as  Icrad  .increases,)  .     '  ^ 

A.  Ftyweights  rotate  slower  .  -  '  , 

B.  *  Speeder  spring  forces  overcome  centrifugal  force  of  flyweights 

C.  Speeder  rod  moves  down  to  open  fuel  Valve  to  increate  fuel' 
Operation  of  governor  on  load  decrease  (Transparency  4) 
(NOTE:  Engine  speed  increases  as  load  decreases^' 

A,  Flyweights  rotate  faster     '        ,      /    .  *     ■  -j 

B,  Speeder  spring  force  is  overcome  by  centrifugal -force  of  flyweights 

C,  SpeedeTr  rod  moves  up  forcing  fuel  valve  to  c4ose     '  ' 
Ppsithon  of  flyweigh^  ("Fransparency  4)  ^  •  , 

A.  Load  increase-Flyweights  move  in  ^ 

B.  ^oad  decr^ase-^FIyweights'  move  out        ^  *    "  a         .  * 
Characteristics  of  an  isochronous  governor  _  . 

A.    Maintains  constant  speed  without  hunting  .    '  '  / 

Bv  .Speed  droop 'is  temporary  . 

(NOTE:  Speed  droop  employed  to^ive  stability, while  fuel  is  being  corrected 
and^speed  droop  is  removed  as  engine  responds  td.  fuel  change.)  - 


Schematic  of  Governors 


Load  Decrease  on 
Mechanical  Governor 


Fuel  to  Engine 
(Reduced) 
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Hydraulic  Governor . 

.  (Diesel) 


4lnp|ptfsed  Fuel  T 
BallHead*-  . 


Oil  Supply 

Fuel  CoDtrol 
Vah/e 

^  Fuel 
Supply 


"'■7 


1^ 

ThrtJttfe 


Power  Piston 


fO 


Nonisbchronous  Governor 


Speed-Droop  Leyer 


'  ■  ■  -  ■  -Speed  Droop 
Fuel  Control  Shaft  Pin 


Ball-Arm 
Supply  of  Oil 


Pressiirje 

Pilot-Valve 
Plunger 


Fuel 
Control 
Lever 

Power  Pisti 

Power 
k-Piston 


Fuel  on 
I  y Control 
1/ Valve, 


Floating  Lever 

Speeder  Spcing 

a: 

Speed  Adjusting  V . 

ShafyFixedK'    '  " 
Ball-Ami  Flyvyeight     *  [' 

Pilot-Valve  Plunger  *    •  i 
Pressure  Oil. 
aiiiPilot  Valve  /: 


Fuel  ^0  Engine  (Reduced) 

Effect  of  Load  Decrease  oh  Hydrauiio  ^"^^'^^  Gear^-ump 
Governor  With  Speed-Droop  Lever      •      ,  .  _|  To  Engine  Sump 


Bushing 

Regulating  Port 
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Isochronous  GDvernor 


(teduce  Droop 


Pivot  Pirf 


^  Increase  Droop , 


FueL^dff'^ 


Speed-b/oop  Lever  Provides 
Adjustable  PeVjrianent 
Speed-Droop  in  Isochronous 
Hycfraulic  Governors 


ERIC 


Y 


■J 


XoadJIncreefses, 

Decreases 


iglits  Jotate . 
Slower 


Load  De(H;eases;  .  ' 
Engjni5''%eTBd  Increases 

Flyweights  Rbtafe 
Faster 


Fuel  Flow  Intfeased 


Increa^di^a^ 


Fuel  Flow  Decreased 


Decreased.  Load 


*    .r  <Opf  ratioh,?of  Gentrifugal  Governor  J^: 
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GOVERNORS, 
'    UNIT  VII 


NAME. 


TJEST 


Match  the  terms  on  the  wight  to  the  correct  definitions. 


J.  Device    that    control's    engine  SReed 
"  automatically  by  varying  fuel  sypply 


 b.  Gradual  deviation  df  the  governed  speecl 

above  or  below'^tlie  desired  speed 

 ^c.  Change  in  governor  rotating  speed  which 

^  causes  the  governor's  fuel  ccmtrol  rod  to 
move  from    fulj-closed   to  full-open 
*     throttle  poskioh  or  vfce- versa 

 Change  in  speed  the  engine  must  make 

before^  the  governor  "will  mafi:e  a 
corre^ive  movement  of  the  throttle  - 

e.  Oscillations      in    ^speed -^due    *^  to 
over-correction  by  governor  ^  , 

 :f.^  I^iston  moved  by  fluid  under  pressure 


 ^g.  Ability  of  governor  to  maintain  a  steady 

engine  speed  at  any  load  . 

 ^h.  Centrifugal  Ball  head  moving  in  a  circular 

-    path     '  "^'^ 

List  three  purposes  of  a  governor.  A 

a.  - 

b.  ^     '  --^r 
c. 

Name  two  basic  types^-of  govemprs  using  flyweights, 
a.        '  _  "  •  ' 


1. 

Speed  drift 

2. 

Governor 

3. - 

,  Isochronous 

4.  - 

Hunting 

0. 

Servomotor 

6.  - 

Dead  band 

7, 

Speed  droop 

Flyweughts, 

1 

2 
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4.       Explain  how  a  mechanical  governor  and  a  hydraulic  governor  differ. 


i 


Name  tw"o  types  of  mechaoical  governors. 


8. 


Name  two  types  of  hydraulib  governors, 
a.  * 
b. 


Match  the  kinds  of  governors  on  the  rfght  to  their  special  functions'.. 

4  ^ 

M  a.  Maintains  any.  selected  engine  speed  1.  Over-speed 


5^ 


b.  A  safQity  device  which  shuts  down  the 
'engine  in  ease  it  runs  too  fast  - 

Limits  the  load  to  prevent  pverfoad}fig 
the  engine  at  whatever  speed  il  may  be 
^  ^running  "     /  _ 


2. 
4. 


Load  control 
Load  limiting 
VUjiable 


speed 


 ^d.  Adjusts  the  amount  of  load  applied  to 

^  engine  to  suit  the  speed  at  wWch  -it  is 
^set  tQ  run  ^  :  •  , 

Matcl;!  the  types  ofgovemqi^  to  tlieir  c^arack^ristics. 


a.  Has  large  dead  bands 


_b.  Speed  droop  is  not  convenient  tp.  4fljust  \  2. 
_c.  Unavoidable  speed  droops  ^..^^rpc^-.  \ 


Mechanical 
Hydraulic 


d.  Is  not  isochronous 


.  e.  Power  is  smal 


1 

1-. 


Explain  the  operation  of  the  governor*  on  load**  increase. 


'830 
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10.    "  Explain, the  operation  of  the  governor  on  load^decrease. 


X  t 


( 

11. 


Idemi^  the  position  of  flyweights  for  load  increase  of  load  decreased  by  writing 
figure  t  or  figure  2  in  the  appropriate  blanks. 

a.  Load  increase        '   <  -       ,    *       .  ' 


b.  Load  decrease 


Increased  Centrifugal  Force 


i=IGU'RE  1 


-Reduced ^Centrifugal  Force 


.>^GURE  2 


Spring  Force 
(Increased) 


Higher*  Speed 
-  Normal  ^Speed 


Reduced  Centrifigal  Force 


fDring  Force' 
(Reduced)  « 


-  Higher  Spe§d  . 
t-^  Normal  Speed 
■^j-  Lower  Spreed 


0 


12'       Describe  the  characteristics  of  .an  isochronous  governor. 
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ANSWERS  TO  T^ST 


1.       a.,  2 

•    b,  1 

c.  .  7 

dj  6 


'e.o  4 
f.  5- 

h.  8 


4r 


3. 


4., 


5. 


'6. 


a.  Maintains  a  selected  speed  " 

b.  Limit^  the 'Slow  and  fast  speed 

c.  Shuts  down  engine  when  it  over-speeds 

a.     Mechanical  .       '  ,   *  "  * 

&  •  '    .  "  .  ' 

.b.     Hydraulie  ~      •  ,  "  »        ,    -  '   ^  -i^-^- 

Explanation 'should  include:        '  »  --^ 

a.     Mechariica^*governors  use  mechanical  linkage  to  change  engine  fuVf  CQntrpI 

Hydraulic  goveVnors^use  hydraulic  power' to  change  fuel  control 

a.     Limitin^^peed  .  .  >*  ' 


b.     Va/iable  speed 
.  a.     Permanent  speed  droop 
^b. .   Temporary  speed  droop 


a.  4 


-  \ 
8. 


b 

 c. 

d.  I  2 
a.  1 
.b."  \ 


1  — 

3 


d. 

e. 


2 
1 


4 
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Explanation  should  include:- 

a.  Flyweights  rotate  slower 

i 

b.  Speeder  spring^,forces  overcome  centrifugaUfoVce  of  flyweights 
c;.  Speeder  rod 'moves  down  to  open  fuel  valve  to' increase  fuel 

..  Explanation  should  include:  '- 
a..     Flyweights  rotate  faster 

Speeder  spring  force  is  overcome  by* centrifugal  foj:ce  of  flyweights- 

c.  Speeder  rod  moves  up,  forcing  fuef  valve  to  close  ^  r 

a.  FigScV  2  "         "   ,       "    4  •  "  ; 

b.  Figure  1 

Description  should  include:        ^  ^  . 

a.  Maintains  constant  speed  without  hunting  •      ^  • 

b.  Speed  droop  is  temporary 


'principles  01?  ELECTRICITY 
■     UNIT, I 


UNIT  OBJECTIVE 


\ 


'  After  completfon  of  this,  unit/ the  student  should  be  able  to  define  ejectricity  according 
to  th^  electron  theory  and  apply  ohnts  law  to  measure-voltage,  amperes,  and  resistance 
in  a  basic  circuit.  The  student  shduld  be  able  to  identify  tKree  types  of  electrical  circuits 

«  and  distinguish  between  the  characteristics  of  alternating  and  direct  current.  This  kndWiedge 
will  be  evidenced -through  demonstration,  and  by  scoring  eighty-five  percent  on  the  unit 
'test.        V  f  ^  ■  ' 


SPECIFIC  OBJECTIVES 


After  completion' of  this  unit,  the  student  should  be'able  to: 

4 


J 


1. 

• 

— 

/ 

.8,' 

9. 

10. 

J1. 

..  12. 

r3. 

.  .1.4.  . 

t  B.  V 

Match  terms  associated  with  electricity  to  the  correct  definitions. 

V 


Name  two  particles  found  in  an  atom. 
Explain  the  nature  of  electron  fJow. 


Ideqjify  thrge  sources  of  electricity  related  to  diesel  engines. 
Name<  three  parts  of  a  basic  cirpuit.  / 

Distinguish  between,  a  godd  conductor  and  a  gooct^insulat^Tl)!  elefetr&n 
.theory,  ■  '  ^ 

Distinguish  between  good  conductors  and  insulators  of  ^electricity..^ 

Explain 'Why  copper  is  widely  used  as  a  Conductor,  ^ 

Matcb  the  basic  circuit  terms  to  their  units  of  measuretr 

List^  two  causes  of  resistance  to  the  flow  of  current  (eledtron^).? 

fMatch.the  basic  electrical  schematic  symbols  to  the  correct' namesl. 

Match  the  letter  designations  used  in  ohm's  law  to  the  correct  terms. 

Draw, ohm's  law  formtfla  in  triangle  expression.  *      '    \     '         '  . 

State  ohm's  law  irl  letjer  formula  for  calculating"  voltage,  current,  ahd 
resistance. 


16^: 


Identify  Ithree  types 'df  electricalv  circuits. 
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17.  '  List  three  mies  for  •series^'circuits'  .    •  * 

18.  •     List  three*  rules  for  parallel  circufts, 

^^19,       Name  three  factors  affecting  -  resistance  Jj>^  coriductor. 

20.  ^     Select  the  characteristics  of  magn^i^^^  '  ■ 

^21.       Explain  two  ways  anr  iron  bar  may  be.  magneti^e'd.* 

22.       DTscusS  the  relatidnsTiip  between-  electricity,  and  ^magnetism. 


23.    ^.  Discuss  the^  principle odj^ectromagnetic  ihductlon. 


24.  List  three  ways  in^^which  a  voltag#  can  be  induced  by  electromagnetic^ 
induction.  .   .  -  ,  t  *    •    ^ ' 

25.  '  List  three  factors  tbat,determine  th6  magnitude  of  induced  voltage. 

26.  Name""  two*  types  of  electric  ^current.  .      -              /     *      .  ^ 

27.  Distinguish  between  direct  and  alternating  current.  ^• 

*28.  "Nam.e  four  instruments  used- in  checking  electrical  circuits.  * 

29.  ,    Solve  problems  using  ohm's  law  formula..  . 
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PRINCrPLES  OF  ELECTRICITY 
•    UNIT.  I,  . 

SUGQESTED  ACTIVITIES  ^ 


(.  Instructor: 


A.  Provide  student  with  jD^jective  sheei  , 

B.  Provide  student  with  information  and  ^assignnrjent  sheets. 

C.  *  Make  transparencies,,  .  ^      ■     ,  _ 

;      D\    Discyss  unit  and  specific  objectives,  ~  ^         ^  . 

E.    Djjscuss  information  and  assignment  sheets.  ^      ^  ' 

*  •  F.    Demonstrate,  magnetic  lines  of  force  by  using  jfon  filings  and  a  conductor. 

a  -  '  \  '    ^  ' 

G.  Assign  students  to  cfenstruct  a  series  and  a  pafallel  circuit.  . 

H.  Give- test.^  *,  '  '      ,  ' 
II.    Student:  . 

'  A.-  .  'Read  abjective  sf^t.  '  ~         '        .  -  '  * 

•  .  B.  *  Study  Niformation  sheet.  ,   •  '  -  r 

C.    Complete  assignment  sheet       ^         "  "       •  ~ 

.  D.    Take  test.  ^    '  .      ^        '  • 


6 


'  iinIstructional  materials 

1.    Included  in  this  uniti  .  * 

•  ^  A.    Objective  sheet  ^  . 
"^'^   B.  t  Information 'sheet  '  i 

C.  -  Transparency  masters  .  \  ^ 

1./  ^.  TM  .1  "Structure-  of  Afjqms 
Z  .    Ym  2"Electron^RIpV^  ' 
,3.    .  TM  3"Sources^of  Electricity 
■ .    .^4.  -  \  TM  4-'6hm's  La^rt  in  'Triangle  ExpressVon" 


4 


V  •  .....  ^- 


« 

5.  .  TM  5"0hm*s  Law  in  Letter  Oesignatiofi 

6.  TM  6-Types  of  Electrical  Circuits      ^  * 

7.  '    TM  y-Sertes  Circuit  Rules 

8.  TM  8-Pa'raMel  Circuit  Rules 

9.  TIVI  9-Magnetisnn  and  Field  of  Force 

*  -  *  u  ' 

'  10;       TM  10-Electricity  and  Magnejisnv  Relationship 
11.       TM  11-Measuring  Instruments      '  •  .  . 

D.  Assignment  Sheet  #1 -Solve  Problems  Usmg^Ohm's  Law  ^ 

E.  Answers  to  assignment-sheet  .  '  . 

G.  Test^  ♦         .    '  : 

H.  Answers  to  test  .    ,   *  *    .    » ,  ' 

References:  ,  ,     -     r-^  '  ,  ^ 

«  "  _  ,  ' 

A.    Fundamentafs  of  Service:  Electricity.  Moline,  Illinois:  Deer'e  and  Company, 
1972.                      '  ' 

B;    Parady,  Harold  W:,  anpi  Turner,  J.  HoWard/f/ecfw  Er^ergy.  Athens,  Gfeorgia: 
^  American  Association  foV  Vocational  Instructional^  Materials,  1976.. 


.    ,  PRIWCiPLES  OF  ELECTRICITY 

.  ,  UNIT  I  /  ' 

1     '  ' 

JNFdRMATION  SHEET 

Terms  arid  definitions        ^  •     '   ^  • 

A.  Atom-Snnallest  unit  of  all  matter     ,  *  * 

B.  Electrons-Particles  with  a  negative  charge  in  orbit  around  a  core  of  protons 

C.  Protons-Particles  with  a  positive  charge  that  make, up  the  nucleus  of  the 
atom  ' 

D.  Current-Flow  of  electrons  through  a  conductor,  measured  in  amperes 

E.  Conductor-Any  material  that  permits-  passage  of  electric  current 

F.  Semiconductor-An  element  which  has  four  electrons  in  outer  ring;  used 
to  mako^iodes  and  transistors,  not  a-  good  conductor  or  insulator 

G.  Voltage-Potential  difference  that  Qauses  flow  of  current 

H.  Resistance-Opposition  to  current  flow/"  in  a  conductor  *  / 

I.  Insulator-Material  with  an  extrem^y  high  resistance  to  o^rent  flow 

J,*    Electroehemical-Stored.  chemical   energy  which  can  be  converted  "to 
electrical  current  ^  - 

K.    Electromagnetic-Electricity  generated  ty  cutting  the  magnetic  .lines  of  force 
(field)  around  a  magnet 

*  *  • 

L.    Thernsoelectric-Electricity  generated  by  heat 

M.    Thermocouplp-Thermoelectric    device,  used    to    measure  ternpefature 
,  accurately/ 

N.  Electromagnetic  induction-Inducing  voltage  in  a  conductor  that'  moves 
^     across  a  magnetic  field  \         *  '     .    »  ,       .  '  / 

'  %  •  - 

0.    Mutual  induction-Occurs  wheji  changing  current  in  one  coif  induces  voltage 
in  a  Second  coil 

P.    Self  mductioHi^Voltage  which  occurs  in  a'^il  when, there  is  a  change  of 
^  x:urrent  "  ^'        ^-i  ^ 

'  \ 

Q'.    Generator  (direct  current}- Voltage  and  cur)rent  produced  by  proving 
cd^ductors  acr.oss  a-statrona'ry  magniefffc  field\     '  ,     ,  * 


■  INFO.RMATION*  SHEET 

•  <  •        •  • 

f 

R.  Alternator  (alternating  current  generator)--Voltage  and  purrent  prodycgd  by 
,     a  rotating  magnetic  field  cutting  ^across  stationary  conductors 

■»  « 

S,   -WorJ^orce  tirfies  distance 

'  /,  ^   .  * 

T.    Power-  Rate  of  doing  work  ^  * 

U,    Watt -Electrical  measurement  of  rate  of  doing  work        *  ^  ^ 

(NOTE:  746  watts  =  1  horsepower.)     .  ^ 

V.    Emf-Eleetromotive  force  or~  voltage  ^ 


W.    Counter  emf-Voltage  irifikJced  irra  conductor  which  is  moving  through  a 
magnetic  field  in  opposition  to  the  soyrce  of  voltage.  ' 

(NpTE|  this  is  a  generator  actipn  developed  in  every  motor.) 

X.    Cycle  (hertz) -One  complete  .reversal  of  an  alternating  current  from  positive 
to  negative  and  back  to  the  starting-point      ^  -  \^ 

Y.    Parallel  circuits-Current-  has  more  thaft  one  path  to  taj<e^ 

Z.    Series  circuit-Current  has  only  one  path  it  can  take 

l^^AA.  Series-parallel'  circuit-A  circuit  consisjing  of  both  series  ar>fl>;!!parallef 
corhponents  ^  -  , ' 

II.    Particles  in  an  atom*  (Transparency  1)        *  ^ 


,  A^  Electron 

B:    Proton  _ 

(NOTE:  These 'are  the  particles  involved  in  the  electron  theory,)  , 

IL    Nature  of  electron  flow-When  acted  upon  by  a  source  ^ch  as  fricti^,  electrons 
in  the'  outer  ring  or'  orbit^  bfe^k'-away.Jio  oth^^  atoms  (Transparency  2) 

[[Example:  When  a  rubber  rod  is  rubbed  with  .wool,  electrons  are  removed 
from  "the  wool  and  collected  6n  the  rod.  The  wool  now  has  too 
few  electrons  and  is  positively  charged.  The  rod  has  .too  many 
electrons  and  is  negatively  .charged! 

'    .  ) 

IV.    Electricity-The-  flow  of  electron^  from   atom  tg  atom  in  a  conductor 
(Transparency  2) 
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"  Sources  of  electricity  related  to  diesel  engines  (Transparency  3)  ^ 
A.  Therrhoelectric 


B.  Elefitrochemical 

C.  Electromagnetic 
VI.    Parts  of  a  circuit 

r 

*  A.  Voltage 

— ^   -      "  «^  ' 

Exampler  Battery 


B.  Resistor" 


Example:  '  Light  bulb 
Conductor 


/ 


Exanrrple:       ^Copper  wire 
VII.    Conductor  and  insulator  difference 

A.  Conductor  has  less  than  four  electrons  in  outer  ring 

B.  '*.lnsulator  has  more  than  four  electrons  in  outer  ring 
Vl|!^a,^ohductors  an3  insulators  of  electricity  . 

A.    Conductors  -       /  . 


•r  1. 

Silver  " 

(NOTE:  Silver  has  the 

least  resistance  to  current  flow. 

.  2. 

Copper 

3.; 

Gold  ' 

4. 

Aluminum 

5.. 

^  Tungsten 

6.. 

Zinc 

7. 

Br^ss 

< 

8. 

Platinum 

9. 

Iron  ■ 

10. 

Nickfel 

-  ^ 


# 


B. 
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11.    I  Tin  4 
12/      3teel  \      .  — 

13.  Lead  •    '  - 

if 

14.  Mercgry  * 

•  4 

15.  Nichrome 
(NOTE:  Nichrome  has^  the  highest  resistance  to  curr^t  flowj 

V 

1.       Glass  .  ^ 


nsulators 

1. 

Glass 

2. 

Rubber 

3. 

Plastic 

4. 

Wood 

5. 

Ceramic 

"Mica 

JX.  _Coj|aer  as  a  conductor-Copper  has  only  one  electron  in  outer  ring  and  is 
cd|Iparitively  cheaper  than  other  metals  which  may  have  the  same  pr^rties 
(TraOjSparency  1)      "  , 


X..  Circuit  terms. pnd  unit  pf  nneasure 

A.  Current- Ampere/' 

B.  Voltage-Volts/ 


C.  Resistance-Ohr 
sistance  - 


A.  ^  Core  of -atoms  (protons)  attratts  orbiting  ^el6ctrons",  which  resTst  their 
'  .  removal        v  •  '  • 


B.    Colli^io.n  of  countless  fele(itrons  as  they  move 
XII.    Basic  electrical  schematl^symbols  ^  -  ^ 

•A.    Resistance  or  lo^d  -r-\/\/VV~ 


;ERIC  '  .      •  . 
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B.  /  Ohm's  of  resistance 

( 

C.  Inductor  (coil)^  -Y'^j^j"^^ 


T 


D.  Inductor  (solenoid)  /""""^^j^jl^ 

E.  Ground 

F.  Battery         '  * 

G.  '  Connection 
'  H.  Termina[ 

I.  Switch  (open) 

•J.  Circuit  breaker 

a 

K.  Crossover 
L    pirection  of  current 

Diode  (one;way)^ 
N.    Zener  diode 
O.    Transistor  .(PNP  type) 
P.  .Transistor  (NPW  type) 
Q.  Capacitor 
R.  'Variable  resistor 

,  'J    " ' 

S.  Rjse 


0 
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XI IL    Letters  and  terms     ^  »  . 

'"A.    E-Elec^Tromotive  force  in  volts 

B.  I"1ntensity  (current)  in  amps. 

C.  R" Resistance  in  ohm"?* 

XIV.    Ohm'?  law  formula  in  triangle  expression  (Transparency  4) 


(NOTE:  EJ,R.  formula  reminder  is  the -phrase  ."Even  I  Remember.") 
XV.    Ohm's  law  in  letter  formula  (Transparency  5)  '  ^  " 

A.    E  =  J  X  R  or  Volts  =  Amps  x  Ohms  ,  *  _  , 

B;    I  =  E/R  or  Amps  =.^olts^Ohms  .  * 

#:  ^  ^R  =  E/l  or  Ohms  =  Volts  4-  Amps  «         J  ^  ^ 

XVI.    Tfpes  of  electrical  circuits  (Transparency  6)«  ^  ^ 


i^-^-^SP—SZ/ Series  ^     v  '  ' 

B.  »  Parallel  ;  % 

C.  .  Series-pii^ailel  .  ^      ^  ^ 

XVIL  -^Rules  for  series  circufts  (Transparency  7)  ,  ^  ,  ,  ^ 

*A.   ^Current  through  each  resister^  is  the  same  ^  ^ 

^    B.    Voltage  drops  across  elfeh  resistor  will  be  different  if  the  resistance  values 
^   are  different      .      ^       *  '  t 

\  '  •   •    \  '  - 

C.    Sum  of  the  voltage  drops  equals  the  .source'  voltage 

XVI I L     ^^s^'  foF'  parallel  cir(Hii1>  (Transparency  8)     *      /       '  \  . 

?oItage  across  eac^  resistor  is  the  same    ^  . 

*  [B.  "^/Current  through  each  resistor  will  be  different*  if  the  resistance  values  are 
diffferent  .      '  - 

C.    Sum  of  the  separate  currents  equals  the  total  circuit  current 


J 
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XIX.  Factors'  affecting  resistance  ip  a  conductor 

A.  Length  of  wire  / — ^ 

B.  ""Diameter  of  wire  ~ 
.  C.    Tempof-atdre  of  wire 

XX.  *  Characteristics  of  magnetism  (Transparency  9) 

A.  Every  nnagnet  has  a  north  and  south  pole  '  ^  . 

B.  Unlike. poles  attract  and  like  poles  repel 

C.  Every  magnet  has  .a  field  of  force  surrounding  it 

"  D.    Magnetic  materials  are  acted  upon  when  located  in  a  field  of  force 

E.   •ATI  unmagnetized  piece  of  iron  can  become  a  magnHTthTough  the  principle 
of  etectromagnetic  induction 

XXI.    Magnetizing  an  iron  bar  '  \ 


A.  Stroke  an  iroii  bar  with  another  bar  which  has  been  magnetized 

B.  Place  an  iron  bar  in  a  strong  magnetic  field  — 

^  (NOTE:  Soft  metals  \^ll  not  retain  much  magnetism  when  withdrawn  from 
the  jnagnetic  field.)  \  "  .  ^   

XXII.    Relationship  between  electricity  and  magnetisrp  (Transparency  10)      .  * 

,  A,    Cm^ent  passed  thorugh  a  wire  (conductor)  creates  a  magnetic  field  aroun 


wire  ^  ^  ^ 


B.  (Magnetic  lines  have  direction  and  change  direction  when  the^ ^^ur rent  t tow — 
ch>anges  from  one  direction  to  3not(jer 

(NCpTE:  *'rhe  Right  Hand  Rule  for  a  straight  conductor  can  be  used  to  . 
'find  the  direction  of  the  lines  of  force'aroeind  the  wire.  To  apply  the  rule, 
^  grasp  the  vySre.^vyith  the  thumb  extended  in  ^he  direction  of  CQn>^ntion'al 

."^^-^    current  flow  (positive  to  negative);  the  fingers  will  then  point  in  the 
direction  in  whidK  the  Tines  of  force  surroun^the  conductor.  These  lines- 
of  force*  are  always  at  right  angles  to  tffl  Conductor.)  ' 

C.  Two  conductors  on  an  armature,  carrying  current  in  opposite  directions, 
create  a  strong  and  weak  fieldson  opposite  sides  causing  conductors  to  move 
apart  or  armature  to  rotate  *  , 

^    '  ^  '     __  *  • 

(NOTE:  The  downward  m&vement  or  rotation  is.  caused~By~current  flowing 
*  in  the  conductor.  This  is  the^DFrnciple  ^y  which  a  cranking  motor  operates.) 
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^  XXIII.     Electromagnetic  Induction 

ji^^'^  *  A.    Conductor  moving  across  a  magnetic  field  will  have  a  voltage  (emf)  induced 

-   '  in  it 

B.  Voltage  polarity  and  the  curlfent  flow  direction  are  determined  by  the 
,                 direction  of  wire  movement  and  direction  of  the  lines  of  force 

■  \  •  . 

.  ^  (NOTEv:  The  conducjpr  can  move  or  tha  magnetic  field  can  move.)  • 

-  .  •  .    r   »  ■ 

.--XXIV.    W^ys-to  induce  a  voltage  by  .electromagnetic  induction  - 
'  a\  Generated  voltage  ^by  relative  motion  ^ 

Examples:       Generators  and  alternators 
B'.    Self  inductfon  voltaga^created  by  j  change  of  current  in  the  conductor 
-  Example:        Primary  of  ignition  coHs  ' 

C.  JVlutu-al  induction  voltage  which  occurs  when  changing  current  in  one  coil 
•induces  voltage  in  a  second  coil  * 

'  .-  -  ^ 

Example:  Two  windiags  of  ignition  coils 
XXV.    Factors  that  detefnine  the  magnitu<^  of  induced  volta^  — 

A.  Strength  of  the  magnetic  field  ^ 

m  -  t 

B.  Speed  'at  which  lines  of  forge  are  cuttrng  across  the  conductor 
____C_.     Number  .of  ^conductors  that  are  cut^'ng  across  the  lines  of  force 

XXVI.    Types  of  electric  current 

■    r  •  ♦  ,  > 

•  —  •  ^  *4t^ 

X  *  ^ 

-    A.,  'CTirect 

/B.   -j^[ternating  ^  * 

XXVI I. y  Qirect  and  alternating  current 

A.  '-Direct  current  ^  ^ 

1.    *  Supplied  by 

a.  Generator, 

b.  Battery  • 
-  ^)       Dry, cell 

2)  ■     Wet  cell 


( . 
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2.  Flows  in'^bne  direction  only 

3.  -Abbreviated  as  DC        ^  " 
B.     Alternating  current         *  ^  -     -  , 

I.     ,  Supplied  by  an  alternating  current  generator  (alternator)  ^" 

z.       Flows^in  one  direction  then  reverses  and  flows  in. the  oppd^ 
-  direction 

3.    \  Abbreviated  as  AC'             ,        '  ♦ 
l-ns^rum^nts  used,  in  checking  electrical? cTr€uits  (Transparency  1 1)  • 
A.    Ammeter  ,   ' 


Voltmeter     ^* .        .  r    '  * 

C.  Ohmmeter    .  -  * 

D.  '  Wattmeter 

((NjbTE:  Modern  testerj  often  combinj?  the  voltmeter,  ammeter,  and  ohmmeter 
in  one  test  unit^^sgch  as  a  6attery'Starter  tester.)  ' 
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Structure  of  Atoms 


Uraniuriol  Atom 

92  Electrons 
92  Protons^ 


Electron  * 


j 


Hydrdgeri  Atom 

1  Elebjron 
ViPfolon 


Copper  'Atom 

-  29  Electrons 
29  Protons 


NOTE: -Count  tiie  Nu/nbef  of  Electrons  jn  th?  Otrter  Ring:  of  the  Atom. 
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Electron  Flow 


ElectrofTFlow 


4^. 
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Sources  of  lleatricity 


Carbon 


Copper 


'  Themiecoupfe 


I 


Battery 


Thermoelectric 
Source 


Electropliefnjcal 
:  Source 


J  4 


'  *  '        ^^^^^^^  JL*'  ' '  *  w  ' 


1 


^^ -  ^pTi^*A(ofts,  Amps,.; 
-  \v-  .  -  -  tf,e  Unla1b^w•• 
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J  Ohm'$  Law  in  letter 


X 


Electromotive  Force  v  Curnehf  x  Resistance 
,  E  =  If^       Volts  =   Amperes  x  Ofims  / 


Cifrrent  =   Electrorfibtive  .force 


Resistance 


Volts 
Ohrns 


t  ♦ 


*  1 


Resistance  ^ 


iye  Foi-ce 


Curre'hl 


Ahnperes 


..erJc 


.  ';85.3 
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Types  Of  Electrical  Circuffs 


SERIES  CIRCUTT 


PARALLEt  CIRCUIT 


SERIES-PARALLEL 
CIRCUIT 


12  V 


;er|c. 


Series  djrcuit  Rules 


2j\. 

— ^ 


8  Volts 

-4?V— 


,4_rL  T  ..  »• 
AAAA-i— 


A.  I  =  E/R  I 

'=  12/6  =  2.Amperes^ 

E=>2=4Volt5 
•  E  =  2x4MVote 


C,  4+8^12  Volts 


/ 


:  .-85-5-.  ■ 


I 


'/I 


V  -v. 


+ 


12  V 


00 
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Parallel  Circuit  Rules 


Amps 


n — ► 


V 


6lrx 


4  Amps 


6  Amps 


"TT 


■3a 


Battery  voltage  acr.os$ 
each  resistor  =  12  Volts 


B.  ;.I<E/R  =  12/6  ,  ' 
_    =  2  Amperes,  i 

'  .  l  =  E/R  =  12/3 

=  4  Amperes  i...  ^ 

C<l^  6  AmpsR  =  0^^^^^^^ 

^  12/6  =  2  Ohms  - 

.....      -   -  ' 
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Magnetism  And  Field  Of  Force 


Unmagnetfeed  Iran  Filings  > 


V 


^  Magrieiic  Lines  of  Force ^ 


Leads  From^Baitery' 
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Electricity  And  IVIagnetism  Relationship 


Strong  Field  Betweerr  Conductors 


eonductorsjehd  To  Move  Apart 


Ffight-HarnfRule  For  Straight  Conductor 
Arrows:  Show  direction  Of,  Field  Of  Force ' 


Motor  Principle 


FRir 


Measuring  Instrumenis 


Electric  current  is  measured  in 
amperes  with  an  ammeter. 


VoJts  X  Amps 


Electric  "pressure"  is  measured  Resistance  is  measured  in  Electric  power  is  measured  in 
in  vohs  with  a  voltmeter.         ohms  with  a  ohmmeter.      watts  with  a  wattmeter. 
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PRtNCIPLES  OF  ELECTRICITY 
UNIT  I 


ASSIGNMENT  SHEET  #t-SOLVE  PROBLEMS  USING  OHM'S  LAW 

Read  the  problems  and  use  the  triangle  expression  of  ohm's  law  to  solve  for  the  unknown 
value  in  each  problem. 

Example:       Cover  the  unknown  in  the  triangle  and  solve 

(NOTE:  E  =  Voltage;  I  =  Amperes;  R  =  Resistance.) 

Show  your  work  on  each  problem.  Turn  in  to  instructor  after  completion. 

1.      A  current  of  4  amperes  is  needed  to  operate  a  certain  light  bulb  having  a 
resistance  of  3  ohms.  What  voltage  is  required? 


2.      Through  how  many  ohms  resistance  does  12  volts  force  a  current  of  12  amperes? 


3.      An  electric  hom  requires  12  volts;  the  resistance  is  20  ohms.  What  current  does 
the  hom  take? 


4 


(iJOTE:  The  electrical  energy  consumed  in  any  resistance  appears  as  heat.  There 
'  is  a  definite  relation  between  the  power  consumed  and  the  heat  produced.  This 
is  in  accordance  witfi  the  principle  that  energy  cannot  be  destroyed.) 
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ASSIGNMENT  SHEET  #1 


A  light  bulb  having  a  resistance  cf  6  ohms,  uses  2  amperes  of  current  while 
in  operation,  Wh&t  is  the  voltage  applied  to  the  circuit? 


A  horn  connected  to  a  12  volt  battery  uses  2  amperes  of  current  for  its  operation. 
What  is  the  resistance  of  the  horn? 
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PRINCIPLES  OF  ELECTRICITY 
UNIT  I 


ANSWERS  TO  ASSIGNMENT  SHEET 

Covering  up  the  E  shows  the  formula  for  this  problem  to  be  I  x  R.  Therefore, 
E  =  IR  =  4x3=12  volts. 

Covering  up  the  R  shows  that  R  =  E/l  which  equals  12/12  =  1  ohm. 
Covering  up  the  I  shows  that  I  =  E/R.  Therefore,  12/20  =  .6  amperes. 
E  =  I  X  R.  Therefore  6  x  2  =  12  volts. 
R  =  E/l.  Therefore,  12/2  =  6  ohms. 
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PRINCIPLES  OF  ELECTRICITY 
UNIT  I 


NAME 


TEST 


Match  the  terms  on  the  right  to  the  correct  definitions 
a.  Smallest  unit  of  all  matter 


_b.  Particles  with  a  negative  charge  in  orbit 
around  a  core  of  protons 


_c.  Particles  with  a  positive  charge  that 
make  up  the  nucieus  of  the  atom 

_d.  Flow  of  electrons  through  a  conductor, 
measured  in  amperes 

_e.  Any  material  that  pennits  passage  of 
electric  current  ' 

J.  An  element  Vv'hich  has  four  electrons  in 
outer  ring;  used  to  make  diodes  and 
transitors;  not  a  good  conductor  or 
insulator 

_g.  Potential  fference  that  causes  flow  of 
current 

_h.  Opposition  to  current  flow  in  a 
conductor 

J.  Material  with  an  extremely  high 
resistance  to  current  flow 

J.  Stored  chemical  energy  which  can  be 
converted  to  electrical  current 

_k.  Electricity  generated  by  cutting  the 
magnetic  lines  of  force  (field)  around  a 
magnet 


I.   Electricity  generated  by  heat 

m.  Thermoelectric  device  used  to  measure 
temperature  accurately 

n.  Inducing  voltage  in  a  conductor  that 
moves  across  a  magnetic  field 

o.  Occurs  when  changing  current  in  one 
coil  induces  voltage  in  a  second  coi' 


1. 

Resistance 

2. 

Thermoelectric 

3. 

Electrochemical 

4. 

Electromagnetic 

CICULi  Uil  lay  lie  LIU 

induction 

III  ^1 U  ^  L 1       1  1 

6. 

Electrons 

7. 

Atom 

8. 

Current 

.  9. 

ft  v> 

Generator 

(direct  current) 

10. 

Alternator 

(alternating 

current  generator) 

11. 

Voltage 

12. 

Protons 

13. 

Watt 

14. 

Power 

p- 

\/oltage  which  occurs  in  a  coil  when 

15. 

Work 

there  is  a  char;ge  of  current 

q- 

Voltage  and  current  produced  by  moving 

16. 

Thermocouple 

conductors  across  a  stationary  magnetic 
field 

17 

tmT 

r. 

Voltage  and  current  produced  by  a 

18. 

Cycle  (hertz) 

rotating  magnetic  field  cutting  across 

19. 

Series^parallel 

stationary  conductors 

circuit 

s. 

Force  times  distance 

20. 

Conductor 

t. 

Rate  of  doing  work 

21. 

Series  circuit 

u. 

Electrical  measurement  of  rate  of  doing 

work 

Insulator 

V. 

Electromotive  force  or  voltage 

23. 

Counter  emf 

w. 

Voltage  induced  in  a  conductor  which 

24. 

Parallel  circuit 

is  moving  through  a  magnetic  field  in 

opposition  to  the  source  of  voltage 

25. 

Semiconductor 

X. 

One  complete  reversal  of  an  alternating 

26. 

Mutual  induction 

current  from  positive  to  negative  and 

back  to  the  starting  point 

27. 

Self  induction 

y. 

Current  has  more  than  one  path  to  take 

z. 

Current  has  only  one  path  it  can  take 

aa.    A  circuit  consisting  of  both  series  and 
parallel  components 


Name  two  particles  found  in  an  atom. 

a. 

b. 

Explain  the  nature  of  elfjctron  flow. 


Define  electricity  according  to  the  atomic  theory. 
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5.       Identify  three  sources  of  electricity  related  to  diesel  engines 


8. 


a. 


c. 


Name  three  parts  of  a  basic  circuit. 

a. 

b. 

c. 

Distinguish  between  a  good  conductor  and  a  good  insulator  in  electron  theory 
by  pJacing  an    X    next  to  the  description  of  an  insulator. 

 Has  more  than  four  electrons  in  outer  ring 

 b.  Has  less  than  four  electrons  in  outer  ring 


Distinguish  between  good  conductors  and  insulators  by  placing  a  "c"  in  front 
of  the  Items  that  are  good  conductors  and  an  "i"  in  front  of  the  insulators. 

 a.  Mercury 

b.  Brass 


_c.  Rubber 
d.  Glass 


_e.  Wood 
J.  Nickel 
_g.  Plastic 


__h.  Nichrome 
J.  Silver 
J.  Gold 
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_k.  Ceramic 
I.  Aluminum 


Explain  why  copper  is  widely  used  as  an  conductor. 


Match  the  basic  circuit  terms  on  the  right  to  their  units  of  measure. 

 ^a.  Volts  1.  Current 

 b.  Ohms  2.  Voltage 

 ^c.  Amperes  3.  Resistance 

List  two  causes  of  resistance  to  the  flow  of  current  (electrons). 

a. 

b. 

Match  the  basic  electrical  schematic  symbols  to  the  correct  names. 


a. 

Resistance  or  load 

P 

b. 

Ohm's  of  resistance 

q 

c. 

Inductor  (coil) 

r. 

d. 

Inductor  (solenoid) 

s. 

e. 

Ground 

f. 

Battery 

1. 

2._ 

g- 

Connection 

h. 

Terminal 

3. 

i. 

Switch  (open) 

4. 

i- 

Circuit  breaker 

5. 

k. 

Crossover 

6. 

1. 

Direction  of  current 

7. 

m. 

Diode  (one-way) 

8. 

n. 

Zener  diode 

9. 

0. 

Transistor  (PNP  type) 

s.  Fuse 


10. 

11.  -\N\N- 

12.   •  

13.  -^IJM^ 

14.  ^—^ 

15.  -1^ 

■16.  — y— 

17. 
18. 
19. 
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1 3.       Match  letter  designations  used  in  ohm's  law  to  the  correct  terms. 

 ^a.  Electromotive  force  in  volts  1.  R 

 b.  Intensity  (current)  in  amps  2.  I 

 ^c.  Resistance  in  ohms  3.  E 


14.       Draw  ohm's  law  formi-Ia  in  triangle  expression. 


15.  State  ohm's  law  in  letter  formula  for  calculating  voltage,  current,  and  resistance, 
a. 

b. 
c. 

16.  identify  three  types  of  electrical  circuits. 


17. 


■AAAr 


— VW 


■A/W 


AAAr 


AAAr 


b. 


List  three  rules  for  series  circuits. 

a. 

b. 
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c. 

18.  List  three  rules  for  parallel  circuits, 
a. 

h. 
c. 

19.  Name  three  factors  affecting  resistance  in  a  conductor, 
a. 

b. 
c. 

20.  Select  the  characteristics  of  magnetism  by  placing  an  "X"  in  the  appropriate 
blanks. 

 Ji.  Every  magnet  has  a  north  and  south  pole 

 b.  Like  poles  attract  and  unlike  poles  repel 

 ^c.  Magnetic  materials  are  acted  upon  when  located  in  a  field  of  force 

 d.  Every  magnet  has  a  field  of  force  surrounding  it 

 ^e.  Unlike  poles  attract  and  like  poles  repel 

21.  Explain  two  ways  an  iron  bar  may  be  magnetized, 
a. 

b. 
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22.       Discuss  the  relationship  between  electricity  and  magne'^ism. 


23.       Discuss  the  principle  of  electromagnetic  induction. 


24.  List  three  ways  in  which  voltage  may  be  induced  by  electromagnetic  induction, 
a. 

b. 

c. 

25.  List  three  factors  that  determine  the  magnitude  of  induced  voltage,  -^v 

3. 

b. 
c. 

26.  Name  two  types  of  electric  cunent. 
a. 
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27.  Distinguish  between  direct  and  alternating  current  by  placing  "AC"  in  front  of 
the  items  that  refer  to  alternating  current  and  "DC"  is  front  of  the  items  that 
refer  to  direct  current. 

 ^a.  Flows  in  one  direction  then  reverses  and  flows  in  the  opposite  direction 

 b.  Dry  cell  battery 

 ^c.  Supplied  by  an  alternating  current  generator  (alternator) 

 ^d.  Flows  in  one  direction  only 

 ^B.  Supplied  by  a  generator 

28*       Name  four  instruments  used  in  checking  electrical  circuits, 
a. 
b. 
c. 

29.      Solve  the  Tollowing  problems  using  ohm's  lew  formula, 

a,     A  current  of  1.5  amperes  is  needed  to  operate  a  certain  light  bulb  having 
a  resistance  of  8  ohms.  What  voltage  is  required? 


b.     A  horn  connected  to  a  12  volt  battery  uses  4  amperes  of  current  for  its 
operation.  What  is  the  resistance  of  the  horn? 
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ANSWERS  TO  TEST 

1.  a.     7  h. 

b.  6  I. 

c.  12  j. 

d.  8  k. 

e.  20  I. 

f.  25  m. 

g.  11  n. 

2.  a.  Electron 
b.  Proton 

3.  When  acted  upon  by  a  source  such  as  friction,  electrons  in  the  outer  ring  or 
orbit  break  away  to  other  atoms 

4.  The  flow  of  electrons  from  atom  to  atom  in  a  conductor 

5.  a.  Thermoelectric 

b.  Electrochemical 

c.  Electromagnetic 


a. 

Voltage 

b. 

Resistor 

c. 

Conductor 

a 

a. 

c 

g- 

i 

b. 

c 

h. 

c 

c. 

i. 

c 

d. 

J. 

c 

e. 

k. 

i 

f. 

c 

1. 

c 

1  0.  26  V.  17 
22  p.  27  w.  23 

3  q.  9  X.  18 

4  r.  10  y.  24 

2  s.  15  z.  21 

t 

16  t.  14  aa.  19 

5  u.  13 
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10. 


11. 


Copper  has  only  one  electron  in  outer  ring  and  is  comparitively  cheaper  than 
other  metals  which  may  have  the  same  properties 

a.  2 

b.  3 

c.  1 

a.     Core  of  atoms  (protons)  attracts  orbiting  electrons,  which  resist  their 
removal 


b.     Collision  of  countless  electrons  as  they  move 


12. 


13. 


a. 
b. 
c. 
d. 
e. 
a. 
b. 


11 

4 

13 

7 

1 

3 

2 

1 


f. 


18 
3 


h.  12 

i.  10 
j.  6 


k.  14 

I.  16 

m.  9 

n.  5 

0.  15 


P- 

q- 

r. 
s. 


8 
17 
2 
19 


14. 


15. 


16., 


a.  E  =  I  X  R 

b.  I  =  E/R 

c.  R  =  E/l 

a.  Parallel 

b.  Seriesparalle; 

c.  Series 
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a.  Current  through  each  resistor  is  the  same 

b.  Voltage  drops  across  each  resistor  will  be  different  if  the  resistance  values 
are  different 

c.  ^  Sum  of  the  voltage  drops  equals  the  source  voltage 

a.  Voltage  across  each  resistor  is  the  same 

b.  Current  through  each  resistor  will  be  different  if  the  resistance  values  are 
different 

c.  Sum  of  the  separate  currents  equals  the  total  circuit  current 

a.  Length  of  wire 

b.  Diameter  of  wire 

c.  Temperature  of  wire 
3,  c,  d,  e 

Explanation  should  include: 

a.     Stroke  an  iron  bar  with  another  bar  which  has  been  magnetized 
b-     Place  an  iron  bar  in  a  strong  magnetic  field 
Discussion  should  include: 

a.  Current  passed  through  a  wire  (conductor)  creates  a  magnetic  field  around 
the  wire 

b.  Magnetic  lines  have  direction  and  change  direction  when  the  current  flow 
changes  from  one  direction  to  another 

c.  Two  conductors  on  an  armature,  carrying  current  in  opposite  directions, 
create  a  strong  and  weak  field  on  opposite  sides,  causing  conductors  to 
move  apart  or  armature  to  rotate 

Discussion  should  include: 

a.  Conductor .  moving  across  a  magnetic  field  v/ill  have  the  voltage  (emf) 
induced  in  it 

b.  Voltage  polarity  and  the  current  flow  direction  are  determined  by  the 
direction  of  wire  movement  and  direction  of  lines  of  force 

a.  Generated  voltage  by  relative  motion 

b.  Self  induction  vokage  created  by  a  change  of  current  in  the  conductor 

c.  Mutual  induction  voltage  wi'Ich  occurs  when  changing  current  in  one  coil 
induces  voltage  in  a  second  coil 
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25.  a.  Strength  of  the  magnetic  field 

b.  Speed  at  which  lines  of  force  are  cutting  across  the  conductor 

c.  Number  of  conductors  that  are  cutting  across  the  lines  of  force 

26.  a.  Direct 

b.  Alternating 

27: ?    a  AC 

b.  DC 

c.  AC  " 

d.  DC 

e.  DC 

28.  a.  Ammeter 

b.  Voltmeter 

c.  Ohm  meter 

d.  Wattmeter 

29.  a.  12  volts 
b.  3  ohms 
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STORAGE  BATTERIES   

UNIT  II 

UNIT  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  list  the  functions  of  a  battery 
and  discuss  the  process  by  which  it  converts  chemical  energy  into  electrical  energy.  The 
student  should  also  be  able  to  select  safety  rules,  explain  the  term  "battery  rating",  and 
demonstrate  the  ability  to  service  and  load  test  a  battery.  This  knowledge  will  be  evidenced 
through  demonstration  and  by  scoring  eighty-five  percent  on  the  unit  test. 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  storage  batteries  to  the  xjorrect  definitions. 

2.  List  three  functions  of  the  battery. 

3.  Match  the  parts  of  the  battery  to  their  purposes. 

4.  Discuss  the  process  by  which  a  battery  converts  chemical  energy  into 
electrical  energy  during  the  discharging  and  charging  cycle. 

5.  Explain  the  term  battery  rating. 

6.  Select  safety  rules  to  be  observed  during  the  care  and  maintenance  of 
batteries. 

7.  Name  three  characteristics  of  "service  free"  batteries. 

8.  Demonstrate  the  ability  to: 

a.  Clean  and  service  a  battery. 

b.  Remove  and  replace  a  battery. 

c.  Measure  battery  electrolyte  with  an  hydrometer. 

d.  Load  test  a  battery. 

e.  Charge  test  a  battery  for  three  minutes. 
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STORAGE  BATTERIES 
UNIT  II 

SUGGESTED  ACTIVITIES 

I.  Instructor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  information  and  job  sheets. 

C.  Make  transparencies. 

D.  Discuss  unit  and  specific  objectives. 

E.  Discuss  infornnation  sheet. 

F.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets 

G. ,    Demonstrate  the  use  of  a  battery  charger. 

H.  Give  test. 

II.  Student: 

A.  Read  objective  sheet. 

B.  Study  information  sheet. 

C.  Complete  job  sheets. 

D.  Take  test. 

INSTRUCTIONAL  MATERIALS 

L    Included  in  this  unit: 

A.  Obioctive  sheet 

B.  Information  sheet  -^^^ 

C.  Transparency  masters 

1.  TM  1  "Storage  Battery  Construction 

2.  TM  2-Battery  Plate  Groups 
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STORAGE  BATTERIES 
UNIT  II 


INFORMATION  SHEET 


I.    Terms  and  definitions 

A.  Battery-Two  or  more  connected  cells  which  convert  chemical  energy  into 
electrical  energy  (Transparency  1) 

B.  Cell-One  positive  plate  group  and  one  negative  plate  group  (Transparency 
2) 

(NOTE:  The  positive  plate  contains  lead  peroxide  and  the  negative  plate 
contains  spongy  lead.) 

C.  Plate  group-Similar  plates  welded  to  a  plate  strap  (Transparency  2) 

(NOTE:  Plate  groups  are  interlaced,  with  positive  and  negative  plates 
alternating,  but  separated  to  allow  free  flow  of  electrolyte.) 

D.  Electrolyte-Solution  of  water  and  sulphuric  acid 

E.  Specific  gravity -Weight  of  liquid  compared  to  an  equal  volume  of  water 
at  eO'^F 

(NOTE:  Water  has  a  specific  gravity  of  1.0.) 

F.  Hydrometer-Glass  barrel  syringe  containing  a^  calibrated  float  used  to 
measure  specific  gravity 

G.  Sulfated-Oxidation  of  positive  plate  grid  wires  and  formation  of  lead  sulfate 
crystals  which  become  dense  and  hard 

(NOTE:  A  sulfated  condition  is  caused  by  long  storage  without  recharging. 
A  slow  charge  may  or  may  not  restore  the  battery.) 

H.  Dissimilar  metals-Metals  not  alike  in  substance  or  essentials 
II.    Functions  of  the  battery 

A.  Supplies  current  for  cranking  the  engine 

B.  Supplies  current  when  the  demand  exceeds  the  output  of  the  charging 
system 

C.  Stabilizes  the  voltage  in  the  system  during  operation 
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INFORMATION  SHEET 


III.  Purpose  of  battery  parts 

A.  Plates-^Store  active  material  which  brings  about  the  chemical  reaction  to 
provide  electricity 

B.  Separators-Insulate  the  negative  plates  from  the  positive  plates 

C.  Terminal  posts-Connect  to  conductors  for  current  flow 
(NOTE:  The  positive  post  is  larger  than  tf  e  negative  post.) 

D.  Battery  case-Holds  the  cells  and  electrolyte  to  make  up  the  completed 
battery 

E.  Vent  caps-Close  the  opening  in  each  cell  cover  and  provide  a  vent  to  allow 
gases  to  escape  (Transparency  3) 

F.  Cell  connector-Connects  cells  in  series 

(NOTE:  Six-volt  batteries  have  three  cells  and  twelve  volt  batteries  have 
six  cells  connf":ted  in  series.) 

G.  Post  plate  strap-Connects  plate  groups  to  terminal  posts 

IV.  Converting  chemical  energy  into  electrical  energy  during  the  discharging  and 
charging  cycl«3  (Transparency  4) 

A.  Discharging  cycle 

1.  Electrical  energy  is  produced  by  chemical  reaction  between  the 
active  materials  of  the  dissimilar  plates  and  the  suii'uric  acid  of 
the  electrolyte 

2.  Lead  sulfate  is  formed  at  both  plates  as  the  battery  is  discharged, 
while  the  sulfuric  acid  in  the  electrolyte  is  replaced  by  water 

B.  Charging  cycle 

1.  After  the  battery  is  discharged,  it  must  be  recharged  by  a  suitable 
flow  of  direct  current  from  an  external  source 

2.  The  specific  gravity  of  the  electrolyte  increases,  sulfuric  ^cid  is 
formed  snd  water  is  used  up 
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INFORMATION  SHEET 

V.    Battery  rating 

A.  Capacity  rated  according  to  quantity  of  electricity  that  can  be  taken  from 
a  fully  charged  battery  over  a  definite  period  of  time 

Example:        Battery   rated  at  100  amp-hour  should  deliver  5  amps 
continuously  for  20  hours 

B.  Individual  cell  amperage  depends  on  total  plate  area,  specific  gravity,  and 
temperature  of  electrolyte 

(NOTE:  Battery  efficiency  drops  from  100%  at  SO^'F  to  40%  at  O'^F.) 
VI.    Safety  rules 

A.  Wear  safety  glasses,  rubber  gloves,  and  rubber  apron  when  servicing  batteries 

B.  Electrolyte  must  not  be  allowed  to  come  in  contact  with  clothing,  skin, 
eyes,  or  painted  surfaces 

C.  Flush  immediately  with  water  any  area  o;  skin  which  acid  has  contacted 

D.  Flames  or  sparks  can  cause  gases  given  off  by  battery  to  explode 
(NOTE:  Gases  given  off  are  hydrogen  and  oxygen.) 

E.  Avoid  shorting  or  grounding  battery  terminals  du-ing  service 

F.  Avoid  breathing  fumes  from  a  battery  that  is  be>ng  charged 

G.  Leave  charger  in  the  off  Qosition  when  ccMinecting  and  disconnecting 
batteries 

VII.    Characteristics  of  "service  free"  batteries 

A.  Case  sealed  with  lifetime  supply  of  electrolyte 

B.  Special  liquid-gas  separator  returns  any  liquid  to  reservoir 

C.  Water  loss  eliminated  through  the  use  of  specie!  plates 
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Storage  Batteiy  Construction 


Positive  Post 


Battery  Plate  Groups 


Vent  Caps 


Water  Seal 


Valve  Seat 
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Vent  Plug 
Vent  Plug 

Removed  and  Cell  Filled 
to  Proper  Level 


Trapped  Air 


Top  of  Plates 


Vent  Plug 


Top  of  Plates 


885 


Electrolyte 


Electrolyte 


Current  and  Electrolyte 
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Electrolyte 
(Sulfuric  Acid) 
H2S04 


Positive  Plate 
Lead  Peroxide 
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CURRENT  FLOW: 
Produced  b/  Dissimilar  Plates 
in  Electrolyte  Solution 


Negative  Plate 
Sponge  Lead 


How  a  Battery  Produces  Current  Flow 
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STORAGE  BATTERIES 
UNIT  II 

JOB  SHEET  #1-CLEAN  AND  SERVICE  A  BATTERY 

I.    Tools  and  materials 

A.  Safety  glasses 

B.  Rubber  gloves 

C.  Rubber  apron 

D.  Bristle  brush 

E.  Wire  brush 

F.  Screwdriver 

G.  Battery  clamp  puller 

H.  Combination  end  wrenches 

I.  Battery  pliers 

J.     Baking  soda  and  water  solution  (two  tablespoons  of  baking  soda  to  one 
pint  of  water) 

K.    Battery  anti-corrosion  paste 

L.    Shop  towels 


883 


JOB  SHE2T  #1 


Procedure 

A»    Disconnect  battery  cables  fror.  the  battery  posts  (Figure  1) 

(NOTE:  Always  disconnect  the  grounded  battery  cable  first  to  avoid  short 
circuits^) 

FIGURE  1 


Pry  Clamp  Open 


Pull  Cable  Off 


B.    Clean  battery  cable  clamps  and  battery  post  (Figure  2) 

(NOTE:  Battery  posts  and  inside  of  battery  cable  clamps  must  be  clean 
and  bright.) 


FIGURE  2 
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JOB  SHEET 

C.    Remove  loose  dirt  and  corrosion  particles  from  top  of  battery  (Figure  3; 


D.    Brush  soda  water  solution  on  battery,  battery  post,  diamps,  and  battery 
hold-down  (Figure  4) 

(NOTE:  Keep  water  and  soda  from  entering  the  battery  through  the  vent 
holes  in  the  vent  caps.) 


JOB  SHEET  #1 


E.    Wash  away  residue  with  clean  water  (Figure  5) 

(NOTE:  Remove  all  residue  that  may  have  lodged  around  battery,  frame, 
or  parts  of  the  vehicle.) 


F.  Dry  the  battery  and  battery  cables  with  a  clean  cloth 

G.  Reconnect  bsttery  cables  to  the  battery  posts  (Figure  6) 

(CAUTION:  Always  reconnect  the  power  cable  finit  and  the  ground  cable 
last.) 


Battery  Posts  Slightly  Above  Clamps 


H.  Spread  a  coating  of  battery  anti-corrosion  paste  over  the  cable  clamps  and 
terminals 

I.  Remove  vent  caps  and  check  electrolyte  level  in  all  cells 

J.     Add  water  if  necessary  to  bring  electrolyte  up  to  proper  level 
(NOTE:  Do  not  overfill.) 
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STORAGE  BATTERIES 
UNIT  II 


JOB  SHEET  #2--REM0VE  AND  Rt-.PLACE  A  BATTERY 


Tools  and  materials 

A. 

Safety  glasses 

B. 

Rubber  gloves 

C. 

Rubber  apron 

D. 

Wire  brush 

h. 

ocrewQ  river 

F. 

Battery  clamp  puller 

G. 

Combination  end  wrenches 

H. 

Battery  pliers 

1. 

Battery  cable  spreader 

J. 

Battery  post  and  cable  cleaner 

K. 

Battery  lift  strap 

74-F 

JOB  SHEET  #2 

II.  Procedure 

(NOTE:  Observe  the  location  of  the  positive  post  so  the  battery  can  be  installed 
in  the  same  way.) 

A.    Disconnect  the  battery  cables  from  the  battery  posts  (Figure  1) 

(NOTE:  Always  disconnect  the  grounded  battery  cable  first  to  avoid  short 
circuits.  Use  care  to  avoid  twisting  the  battery  cable  post.) 


B.  Remove  the  battery  hold-down 

C.  Remove  the  battery  from  the  carrier 

(NOTE:  Use  a  suitable  battery  lift  strap  to  lift  the  battery.) 

D.  Inspect  the  battery  carrier  for  dirt  or  corrosion 
(NOTE:  Clean  with  baking  soda  and  wate»  v^s  required.) 

E.  Check  battery  cables  for  worn  or  frayed  Insulation 
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JOB  SHEET  #2 


F.     Clean  the  inside  of  battery  cables  clean  and  bright  (Figure  2) 
FIGURE  2 


G.  Set  the  battery  into  place  using  a  lift  strap 

(NOTE:  Position  the  battery  (o  allow  for  correct  battery  cable  attachment.) 

H.  Install  the  battery  hold^down  clamp  or  strap  and  tighten  securely 

I.  Reconnect  battery  cables  to  the  battery  posts  (Figure  3) 

(NOTE:  Always  reconnect  the  power  cable  first  and  the  ground  cable  last. 
Replace  clamp  bolts  and  nuts  as  needed.) 


J.     Tighten  the  battery  cable  clamps  securely 

(NOTE:  Use  care  to  avoid  twisting  the  battery  cable  post.) 
K.    Spread  a  coating  of  battery  anti  corrosion  paste  over  the  cable  clamps  and 


FIGURE  3 


Battery  Post  Slightly  Above  Clamos 


terminal 
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STORAGE  BATTERIES 
UNIT  II 

JOB  SHEET  #3-MEASURE  BATTERY  ELECTROLYTE  WITH  AN  HYDROMETER 

L    Tools  and  materials 

A.  Hydrometer 

B.  Shop  towels 

C.  Container  clean  water 

D.  Safety  glasses 

E.  Rubber  gloves 

F.  Rubber  apron 
II.  Procedure 

A.  Remove  vent  caps  from  battery 

B.  Inset  the  hydrometer  into  the  first  cell 

C.  Squeeze  the  rubber  bulb  to  draw  electrolyte  into  the  hydrometer  to  suspend 
the  float 

(NOTE:  If  the  electrolyte  level  is  too  low,  add  water,  charge  for  one  hour, 
and  recheck.) 
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JOB  SHEET  #3 


D.    Take  reading  at  eye  level  (Figure  1) 

(NOTE:  Make  sure  the  float  is  not  bumping  the  top  of  the  hydrometer 
tube  or  sticking  to  the  side  of  the  tube.  Write  down  reading  for  each  cell.) 

Hold  Tube  Vertical 


E.  Squeeze  bulb  to  return  electrolyte  to  cell 

F.  Repeat  for  other  cells 
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JOB  SHEET  #3 


Adjust  the  readings  for  temperature 


1. 


Add  four  gravity  points  (0.004)  to  the  reading  for  everv  lO'^F 
above  80^  Subtract  four  gravity  points  (0,004)  for  each  lO""  below 
80'F  (Figure  2) 


Temperature 


FIGURE  2 


Temperature 
Adjustment  Chart 


160 
150 
140 
130 
120 
110 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 


♦32 
♦28 
♦24 
♦20 
♦  16 
♦12 
♦8 
♦4 
0 
•4 
8 

'12 
'16 
'20 
'24 
'28 


Gravity  Points 
to  Add  or 
Subtract 

♦30 
♦26 
♦22 
♦18 

♦  14 

♦  10 
♦6 

♦2 
•2 
'6 
'10 
•14 
'18 

•22 
•26 


2.  Specific  gravity  should  read  from  1,215  to  1,270  (corrected  for 
SO'^F  electrolyte  temperature) 

3.  The  variation  in  readings  between  cells  should  be  no  more  than 
0.050 

4.  If  the  readings  ^re  not  within  the  above  mentioned  range,  charge 
and  retest. 

Replace  vent  caps  upon  completion  of  test 
Flush  any  spilled  electrolyte  with  clean  water 
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STORAGE  BATTERIES 
UNIT  II 


JOB  SHEET  #4-L0AD  TEST  A  BATTERY 


I.  Tools  and  materials 

A.  Battery  capacity  tester 

B.  Appropriate  conductors 

C.  Safety  glasses 

D.  Rubber  gloves 

E.  Rubber  apron 

II.  Procedure 

A.    Connect  tester  (Figure  1) 
FIGURE  1 


Battery  Capacity  Test  ^  12V  Battery 

B.  Tighten  rheostat  knob  to  apply  a  load  to  battery 

C.  Apply  load  equal  to  three  times  the  ampere-hour  rating  of  battery  being 
tested 

(NOTE:  Ampere-hour  rating  should  be  marked  on  the  outside  of  battery 
case.) 

D.  Read  battery  voltage  at  the  end  of  15  seconds 

{NOTE:  If  voltage  drops  below  1.5  volts  per  cell  in  15  seconds  use  the 
3-minute  charge  test.) 

E.  Loosen  rheostat  to  relieve  load  at  end  of  15  seconds 

F.  Disconnect  tester 
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STORAGE  BATTERIES 
UNIT  II 


JOB  SHEET  #5-CHARGE  TEST  A  BATTERY  FOR  THREE  MINUTES 

I.    Tool?  and  materials 

A.  Adjustable,  fast  rate  battery  charger 

B.  Battery  capacity  tester 

C.  Appropriate  conductors 

D.  Safety  glasses 

E.  Rubber  gloves 

F.  Rubber  apron 
II.  Procedure 

A.    Connect  tester  and  charger  (Figure  1) 

FIGURE  1 


B. 
C. 
D. 


Batte-y  Charge  Test  ■  12V  Battery 
Turn  charger  on  and  adjust  the  charging  rate  to  40  amps 
Charge  battery  for  3  minutes 

Read  individual  cell  voltages  with  battery  charger  still  in  operation 
(NOTE:  If  they  vary  by  more  than  0.1  volt  (l.lOv),  replace  the  battery  ) 
Read  total  battery  voltage 

(NOTE:  If  it  is  over  15.5v  (15  1/2  volts),  the  battery  is  unsatisfactory 
and  must  be  given  a  long  slow  charge  and  load  tested  again.  If  voltage 
under  load  test  is  less  than  9v,  replace  battery.) 
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STORAGE  BATTERIES 
UNIT  II 


NAME  

TEST 

Match  the  terms  on  the  right  to  the  correct  definitions. 


a. 

Two  or  more  connected  cells  which 

4 

1. 

Electrolyte 

convert  chemical  energy  into  electrical 

energy 

2, 

Hydrometer 

b. 

One   positive   plate   group  and  one 

3. 

Specific 

negative  plate  group 

gravity 

c. 

Similar  plates  welded  to  a  plate  strap 

4. 

Dissimilar 

metals 

d. 

Solution  of  water  and  sulfuric  acid 

Battery 

e. 

Weight  of  liquid  compared  to  an  equal 

volume  of  water  at  60°F 

6. 

Plate  group 

f. 

Glass    barrel    syringe    containing  a 

7. 

Sulfated 

calbrated  float  used  to  measure  specific 

gravity 

8. 

Cell 

g.  Metals    not   alike    in    substance  or 
essentials 


 h.  Oxidation  of  positive  plate  grid  wires 

and  formation  of  lead  sulfate  crystals 
which  become  dense  and  hard 

List  three  functions  of  the  battery. 
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Match  the  parts  of  the  battery  on  the  right  to  their  purposes. 


a.  Store  active  material  which  brings  about 
the  chemical  reaction  to  provide 
electricity 

b.  Insulate  the  negative  plates  from  the 
positive  plates 

_c.  Connect  to  conductors  for  current  flow 

_d.  Holds  the  cells  and  electrolyte  to  make 
up  the  completed  battery 

_e.  Close  the  opening  in  each  cell  cover  and 
provide  a  vent  to  allow  gases  to  escape 

_f.  Connects  cells  in  series 
g.  Connects  plate  groups  to  terminal  posts 


1.  Terminal  posts 

2.  Battery  case 

3.  Plates 

4.  Separators 

5.  Cell  connector 

6.  Vent  caps 

7.  Post  plate 
strap 


Discuss  the  process  by  which  a  battery  converts  chemical  energy  into  electrical 
energy  during  the  discharging  and  charging  cycle. 


Explain  the  term  battery  rating. 
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Select  safety  rules  to  be  observed  during  the  care  and  maintenance  of  batteries 
by  placing  an  "X"  in  the  appropriate  blanks. 

 a.  Electrolyte  must  not  be  allowed  to  come  in  contact  with  clothing, 

skin,  eyes,  or  painted  surfaces 

 ^b.  Flames  or  sparks  can  cause  gases  given  off  by  battery  to  explode 

 c.  Wear  safety  glasses,  rubber  gloves,  and  rubber  apron  when  servicing 

batteries 

 d.  Leave  charger  in  the  on  position  when  connecting  and  disconnecting 

batteries 

 e.  Flush  immediately  with  water  any  area  of  skin  which  acid  has 

contacted 

 f.  Avoid  breathing  fumes  from  a  battery  that  is  being  charged 

Name  three  characteristics  of  "service  free"  batteries. 

a. 

b. 

c. 

Demonstrate  the  ability  to: 

a.  Clean  and  service  a  battery. 

b.  Remove  and  replace  a  battery. 

c.  Measure  battery  electrolyte  with  an  hydrometer. 

d.  Load  test  a  battery. 

e.  Charge  test  a  battery  for  three  minutes. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask 
your  instructor  when  they  should  be  completed.) 
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STORAGE  BATTERIES 
UNIT  II 


ANSWERS  TO  TEST 

a.  5  e.  3 

b.  8  f.  2 

c.  6  g.  4 

d.  1  h.  7 

a.  Supplies  current  for  cranking  the  engine 

b.  Supplies  current  when  the  denrsand  exceeds  the  output  of  the  charging 
system 

c.  Stabilizes  the  voltage  in  the  system  during  operation 

a.  3  e.  6 

b.  4  f.  5 

c.  1  g.  7 

d.  2 

Discussion  should  include:. 

a.  Discharging  cycle 

1)  Electrical  energy  is  produced  by  chemical  reaction  between  the 
active  materials  of  the  dissimilar  plates  and  the  sulfuric  acid  of 
the  electrolyte 

2)  Lead  sulfate  is  formed  at  both  plates  as  the  battery  is  discharged, 
while  the  sulfuric  acid  in  the  electrolyte  is  replaced  by  water 

b.  Charging  cycle 

1)  After  the  battery  is  discharged,  it  must  be  recharged  by  a  suitable 
flow  of  direct  current  from  an  external  source 

2)  The  specific  gravity  of  the  electrolyte  increases,  sulfuric  acid  is 
formed  and  water  is  used  up 
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5.  Explanation  should  include: 

a.  Capacity  rated  according  to  the  quantity  of  electricity  that  can  be  taken 
from  a  fully  charged  battery  over  a  definite  period  of  tirtie 

b.  Individual  cell  amperage  depends  on  total  plate  area,  specific  .gravity,  and 
temperature  of  electrolyte 

6.  a,  b,  c,  e,  f 

7.  a.     Case  sealed  with  lifetime  supply  of  electrolyte 

b.  Special  liquid-gas  separator  returns  any  liquid  to  reservoir 

c.  Water  loss  eliminated  through  the  use  of  special  plates 

8.  Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 
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STARTING  CIRCUITS 
UNIT  III 

UNIT  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  name  the  major  parts  m 
a  starting  circuit  and  match  the  parts  to  their  functions.  The  student  should  also  be  able 
to  disassemble,  test,  and  reassemble  starting  motors.  This  knowledge  will  be  evidenced 
through  demonstration  and  by  scoring  eighty-five  percent  on  the  unit  test. 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  starting  circuits  to  the  correct  definitions. 

2..  Explain  the  purpose  of  the  starting  circuit. 

3.  Name  four  major  parts  in  the  starting  circuit. 

4.  Match  the  major  parts  in  the  starting  circuit  to  their  functions. 

5.  Name  four  major  parts  of  a  starting  motor, 

6.  Match  the  conjponent  parts  of  the  starting  motor  to  their  functions. 

7.  Explain  how  a  basic  starting  motor  converts  electrical   energy  into 
mechanical  energy. 

8.  Explain  how  a  starting  motor  is  kept  running. 

9.  Discuss  the  current  flow  in  a  starting  motor  circuit. 

10.  Identify  four  types  of  starter  field  circuits. 

11.  Match  the  types  of  starter  field  circuits  :o  the  current  flow  in  each  type 
circuit. 

12.  Discuss  counter  electromotive  force  in  relation  to  armature  speed. 

13.  Name  four  types  of  switches  for  starting  motors. 

14.  Distinguish  between  a  magnetic  switch  and  a  solenoid  switch, 

15.  Discuss  the  operation  of  the  series-parallel  switch. 

16.  Explain  two  ways  starter  drives  are  engaged. 
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17.  List  three  types  of  electromagnetic  or  lever  shift  drives. 

18.  Demonstrate  tije  ability  to: 

a.  Remove  and  replace  a  starter. 

b.  Disassemble,  test,  and  reassemble  a  starter. 

c.  Test  starter  circuit  (no  load). 

d.  Recondition  starting  motor  armature. 
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STARTING  CIRCUITS 
UNIT  III 

SUGGESTED  ACTIVITIES 

I.  Instaictor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  information  and  job  sheets. 

C.  Make  transparencies. 

D.  Discuss  unit  and  specific  objectives. 

E.  Disr.uss  information  sheets. 

F.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

G.  Give  test. 

II.  Student: 

A.  Read  objective  sheet. 

B.  Study  information  sheet. 

C.  Complete  job  sheets. 

D.  Take  test. 

INSTRUCTIONAL  MATERIALS 

L    Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1.  TM  1  "Starter  Motor  Component  Parts 

2.  TM  2--Ccmponents  of  Armature 

3.  TM  3--Parts  in  Starting  Circuit 

4.  TM  4--Starting  Motor 
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5.  TM  5-Starter  Field  Circuits 

6.  TM  6-Types  of  Motor  Switches 

7.  TM  7-Series-Parallel  Switch  and  Starter  Circuit 

8.  TM  8-Types  of  Electromagnetic  or  Lever  Shift  Drive. 

D.  Job  sheets 

1.  Job  Sheet  #1- Remove  ana  Replace  a  Starter 

2.  Job  Sheet  #2-*Disassemble,  Test,  and  Reassemble  a  Starter 

3.  Job  Sheet  #3-Test  Starter  Circuit  (No  Load) 

4.  Job  Sheet  #4r- Recondition  Starting  Motor  Armature 

E.  Test 

F.  Answers  to  test 
References: 

A.  Fundamentals  of  Service:   Electrical  Systems,  Moiine,  Illinois:  Deere  and 
Company,  1968. 

B.  Billiet,  Walter  E.  and  Goings,  Leslie  F.  Automotive  Electrical  Systems,  Third 
Edition.  Chicago,  Illinois:  American  Technical  Society,  1970. 

C.  Crouse,  William  H.  Automotive  Mechanics.  New  York,  New  York:  Webster 
Division/McGraw-Hill  Book  Company,  1965. 
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STARTING  CIRCUITS 
UNIT  III 

INFORMATION  SHEET 
Terms  and  definitions  (Transparencies  1  and  2) 

A.  Pole  pieces-Ends  of  a  magnet  in  the  field  frame  assembly  of  a  starting 
motor 

B.  Pield  winding-Wire  wrapped  around  pole  pieces  to  increase  the  strength 
of  the  magnetic  field  when  current  is  passed  through  the  windings 

C.  Armature-Main  drive  of  starter  motor;  converts  electrical  energy  iri?c 
mechanical  energy 

D.  Commutator-Metal  segments  attached  to  ends  of  wire  loops  to  form  contact 
surface  on  armature 

E.  Brushes -Sliding  contacts  to  feed  electrical   energy  from  battery  to 
commutator 

F.  Pinion-Small  Qn^r  that  meshes  with  a  larner  gear 

G.  Solenoid-Electromagnetic  switch  that  closes  circuit  and  engages  the  motor 
driv'  pinion  with  the  flywheel 

H.  Motor  i'vi'  ^  .Manual,  magnetic,  or  solenoid  switch 

L     Inertia-Teiide*      r   a  body  in  motion  to  remain  in  motion 
J.     CEMF-Counter  electromotive  fu'ce 

Purpose  of  starting  circuit-Converts  .lectrlcal  energy  from  the  battery  into 
mechanical  energy  at  the  starting  motor  to  crank  the  sngine  (Transparency  3) 

Major  parts  in  starting  circuit  (Transparency  3) 

A;  Battery 

B.  Starter  switch 

C.  Motor  switch 

D.  Starting  motor 
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INFORMATION  SHEET 

IV.  Function  of  parts  of  starting  circuit 

A.  Battery-Supplies  energy  for  the  circuit 

B.  Starter  switch-Activates  the  circuit 

C.  Motor  switch-Closes  circuit  lo  motor  and  engages  motor  drive  with  flywheel 

D.  Starting  motor-Drives  flywheel  to  start  engine 

V.  Major  parts  of  starting  motor  (Transparencies  1  and  4) 

A.  Motor  switch 

B.  Field  frame  assembly 

C.  Armature 

D.  Drive  mechanism 

VL    Component  parts  and  functions  (Transparency  4) 

A.  Pole  shoe-Forms  a  magnetic  field  of  force  around  armature 

B.  Field  winding-Wrapped  around  pole  shoe  to  strengthen  magnetic  field  when 
current  is  passed  through  the  winding 

C.  Armature-Converts  electrical  energy  into  mechanical  energy  to  drive 
mechanism  to  crank  engine 

(NOTE:  The  magnetic  field  a''ound  the  loop  and  the  field  between  the 
pole  Shoes  repel  each  other  causing  the  lOop  or  armature  to  turn.) 

D.  Commutator-Forms  contact  surface  for  battery  to  feed  electrical  current 
through  armature 

E.  Brushes-  Sliding  contacts  which  feed  electrical  energy  to  the  comnrjutator 

VII.  Conversion  of  electrical  energy  into  mechanical  energy-Current  carrying 
conductor  (armature)  formed  in  a  loop  and  mounted  on  a  shaft,  will  cause  the 
shaft  to  rotate  when  placed  inside  a  magnetic  field  (field  windings) 

VIII.    How  a  staging  motor  is  kept  running  (Transparency  2) 

A.    The  magnetic  field  around  the  armature  and  the  magnetic  field  between 
the  pole  pieces  repel  each  other  causing  the  armature  to  turn 
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INFORMATION  SHEET 


B.  Metal  segments  on  the  ends  of  the  comrrutator  make  a  one-half  turn 
reversing  their  connection  through  sliding  contacts  (brushes)  which  causes 
the  current  to  flow  in  the  opposite  direction  in  the  armature  windings 

IX.  Current  flow  in  a  starting  motor  circuits-Current  will  flow  from  battery,  through 
cable,  across  switch  contacts,  through  field  windings  and  armature,  and  back 
to  battery  through  ground  (Transparency  3) 

X.  Types  of  starter  field  circuits  (Transparency  5) 

A.  Series-wound 

B.  Parallel'wound 

C.  Series-parallel'wound 

D.  Compound-wound 

XI.  Types  of  starter  field  circuits  and  current  flow  (Transparency  5) 

A.  Series-wound-Current  flows  through  all  the  field  windings  before  it  flows 
through  the  two  insulated  brushes  to  the  armature 

B.  Parallel-wound -Current  flows  through  one  field  winding  to  the  brushes,  and 
also  through  the  othe.  field  winding  to  the  brushes,  placing  the  field 
windings  in  parallel 

C.  Series-parallel-wound -One  third  of  tne  current  flows  through  each  pair  of 
field  windings  to  one  of  the  three  insulated  brushes 

D.  Compound-wound -One  or  more  of  the  poles  is  shunt  wound,  connected 
directly  to  ground  to  prevent  excessive  speeds 

(NOTE:  The  shunt  coil  is  not  affected  by  the  counter  voltage  (CEMF) 
induced  into  the  armature  windings  when  passing  through  the  magnetic  field 
of  the  field  coils.) 

XII.  Counter  electromotive  force  i.i  relation  to  armature  speed 

A.  Counter  voltage  (CFMF)  is  nduced  into  the  armature  windings  when  they 
pass  through  the  magnetic  field  of  the  field  coils 

B.  The  faster  the  armature  turns  the  higher  the  counter  voltage 

C.  The  compound-wound  starter  shunt  winding  prevents  excessive  speeding 
because  the  shjnt  winding  is  connected  directly  to  ground,  rediiCing  the 
series  field  winding,  armature  current  flow,  and  armature  free  speed 
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INFORMATION  SHEET 


XIII. 


XIV. 


XV. 


XVI. 


XVII. 


Types  of  switches  for  starling  motors  (Transparencies  6  and  7) 

A.  Manual 

B.  Solenoid 

C.  Magnetic 

D.  Series-parallel 

Magnetic  and  solenoid  switches  (Transparency  6) 

A.  Magnetic-^Normally  used  with  bendix-  drive  as  switch  does  not  provide 
mechanical  shifting  of  drive  mechanism 

B.  Solenoid-Provides  a  mechanical  means  of  shifting  pinion  into  mosh  with 
flywheel 

Operation  of  series-parallel  switch  (Transparency  7) 

A.  Starter  switch  closes,  connecting  two  12  volt  batteries  in  series  with  the 
starting  motor 

B.  Solenoid  circuit  is  completed  by  a  set  of  points  mechanically  closed  by 
the  series-parallel  switch  plunger  and  starter  turns  over 

C.  Starter  switch  is  released,  going  into  neutral  position,  permitting  operation 
of  electrical  equipment  by  two  12  volt  batteries  in  parallel  for  normal 
operation 

Engaging  starter  drives 

A.  Inertia  of  armature  acting  through  drive  mechanism 

B.  Electromagnetic  plunger  to  mechanically  shift  pinion  into  mesh 
Types  of  electromagnetic  or  lever  shift  drives  (Transparency  8) 

A.  Overrunning  clutch 

B.  Dyer  drive 

C.  Sprag  clutch  drive 
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POLE  PIECES  AND  THEIR  MAGNETIC  FIELD 


31,9 


Component  Parts 


Field  Winding 


FIELD  WINDING  ADDED  TO  POLE  PIECES 
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Components  of 


Loop 


LOOP  OF  "LIVE"  WIRE  AND  ITS  MAGNETIC  FIELD 


ARMATURE  FOR  STARTING  MOTOR 

H 
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Armature 


LOOP  PLACED  IN  FIELD  WINDINGS 


ARMATURE  AND  BRUSHES 
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Parts  in  Starting  Circuit 


917 


Starting  Motor 


Solenoid 
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Starter  Field  Circuits 


Brush 


Current  From  Battery 
Field  Winding 


Field  Winding 

Grounds^^^^^^  Commutator 

Pole  Shoe 

FOUR-POLE  -TWO-COIL  SERIES-WOUND  MOTOR 


Coil  (6  Used) 


Parallel  Windings 


Field  Coil 
(4  Used) 


Pole  Shoe 

FOUR'POLE-FOUR-COIL  PARALLEL-WOUND  MOTOR 

Commutator 
.Shunt  Coil 


Brush 


Pole  (6  Used)  Series  Coils -^^=:=^\Pole  Shoe 

^  SIX-POLE-SIX-COIL  SERIES-PARALLEL-WOUND  MOTOR  COMPOUND-WOUND  MOTOR 
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Types  of  Motor  Switches 


Starter  Control  Switch 
Winding 
Plunger 


t 

MANUAL  SWITCH 


Magnetic  Switch 
Return  Spring 


7= 


Battervl 
^^^rminal 

Contact  Disk\  -j^fm'inal 


J. 


} 


Bendix  Drive  4r  starting  Motor 

. .  ,^  .        M  .  To  Batterie 

Hold-in  Pull-In 

Winding  Winding  _  SOLENOID  CIRCUIT 

Solenoid 


Plunger 
Shift  Lever 


TYPICAL  MAGNETIC 
SWITCH  CIRCUIT 


-•>Motor 
Terminal 

Contact  Disk  ] 
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Overrunning 

Clutch         '  Starting 

Motor 


Control  Switch 
Battery  Terminal 


/ 

To  Battery 


921 


D  -  111-F 


Series-Parallel  Switch  and  Starter  Circuit 


Generator 
(12-Volt) 


Regulator  (12-Volt) 


12-Volt 
Battery 


To  Lights 
and  Accessories 


Ammeter 
_(Both^Batteries) 

Starting  ; 
Switch  sj>, 

} 


12-Volt 
Battery 
B' 


Series-Parallel 
Switch  I 


Solenoid  Switch  (24-Volt) 
Ammeter  (Bat.  B) 


Starting  Motor  (24-Volt) 
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Types  of  Electromagnetic  or  Lever  Shift  Drives 


Solenoid  Shift  Lever 


Pinion  Stop 


Overrunning  Clutch 


Amiature  Shaft 


Pinion  Gear 


Rollers' 
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OVERRUNNING  CLUTCH  DRIVE  ENGAGED 
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Engine 
Starts: 


Pinion 


DYER  DRIVE  IN  OPERATION:  3)  FLYWHEEL 
SPINNING  PINION  OUT  OF  MESH 


Pinion 


Sprags 


Shift  Collar 
SPRAG  CLUTCH  DRIVE 
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STARTING  CIRCUITS 
UNIT  III 

JOB  SHEFT  #1-REM0VE  AND  REPLACE  A  STARTER 

I.  Tools  and  materials 

A.  Combination  end  wrencnes,  3/8**  •  3/4" 

B.  Sockets,  3/8"  -  3/4"  by  3/8"  drive 

C.  Ratchet,  3/8"  drive 

D.  Extensions,  3"  and  6"  by  3/8"  drive 

E.  Small  ignition  wrench  set 

F.  Battery  cable  pliers 

G.  Safety  glasses 

II.  Procedure 

A.    Remove  starter 

1.  Disconnect  battery  ground  cable 

2.  Remove  the  cables  and  electrical  wires  from  the  starter 

(NOTE:  In  some  cases  it  may  be  necessary  to  remove  the  starter 
retaining  bolts  and  allow  the  starter  to  be  lowered  to  provide 
easy  removal  of  the  starter  wires  and  cables.) 


3.       Remove  starter  retaining  bolts  as  required  (Figure  1) 
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JOB  SHEET  #1 

4.  Remove  other  starter  brackets  if  used 

5.  Remove  starter  from  engine 

(CAUTION:  Starter  motors  are  heavy  and  should  be  handled 
carefully  during  removal  to  avoid  damage  to  the  starter  or  injury 
to  the  worker.) 

Starter  replacement 

1.  Clean  starter  and  block  mounting  surfaces 

2.  Position  starter  in  mounting  position  and  start  retaining  bolts 

3.  Tighten  starter  retaining  bolts  securely 

4.  Position  starter  wires  and  cables  in  place  and  start  retaining  nuts 

5.  Tighten  starter  wires  and  retaining  nuts  securely 

(NOTE:  Avoid  overtightening  and  twisting  off  small  retaining 
nuts.) 

6.  Replace  any  brackets  that  may  have  been  removed  and  tighten 
securely 

7.  Check  all  connections 

8.  Replace  battery  ground  cable 

9.  Start  engine  two  or  three  times  to  check  starter  action 
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STARTING  CIRCUITS 
UNIT  III 

JOB  SHEET  #2"DISASSEMBLE,  TEST,  AND  REASSEMBLE  A  STARTER 

I.    Tools  and  materials 

A.  Combination  end  wrenches,  3/8"  -  3/4" 

B.  Needle  nose  pliers 

C,  Pliers  (two  pair) 

D,  Hammer 

E.  Small  wood  block 

F,  Suitable  armature  growler  and  test  light 

II.  Procedure 

A.    Disassemble  starter  (Figure  1) 
FIGURE  1 


1.  Disconnect  field  coil  connectors  from  solenoid 

2.  Remove  thru  bolts 

3.  Remove  starter  end  frame 

4.  Grasp  starter  housing  and  remove  the  armature  and  drive  assembly 
from  the  housing 
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Remove  the  armature  and  drive  assembly  from  the  drive  housing 

(NOTE:  Sometimes  the  solenoid  and  shift  lever  assembly  must 
be  removed  before  the  drive  assembly  and  armature  can  be 
removed.) 

Remove  starter  drive  from  armature  shaft  as  follows 

a.  Remove  thrust  washer 

b.  Tap  retainer  toward  armature  to  free  the  snap  ring  (Figure 
2) 

FIGURE  2 


Sleeve 


c.  Remove  snap  ring  and  retainer 

d.  Remove  starter  drive  and  assist  spring  (Figure  3) 
FIGURE  3 
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JOB  SHEET  #2 


7.       Remove  starter  brushes,  if  required 
B.    Test  and  service 

1.  Clean  all  starter  components 

(NOTE:  Clean  all  parts  by  wiping  with  clean  cloths.  The  armature, 
field  coils,  and  starter  drive  asser  '  '  '  nnust  not  be  washed  in 
solvent.) 

2.  Arrange  all  starter  components  for  inspection 

3.  Inspect  starter  bushings  for  looseness  and  replace  as  required 

4.  inspect  starter  brushes  for  wear 

(NOTE:  Brushes  worn  to  half  their  original  length  or  less  should 
be  replaced.) 

5.  Inspect  the  starter  drive 

(NOTE:  The  starter  drive  p'nion  gear  should  turn  freely  in  one 
direction  and  lock  when  turned  slov^ly  in  the  ether  direction.) 

6.  Inspect  armature  commutator 

(NOTE:  If  the  armature  commutator  is  rough  or  out-of-round, 
it  should  be  turned  down  using  suitable  equipment.) 

7.  Test  the  armature  for  short  circuits  (Figure  4) 

(NOTE:  Picce  the  armature  on  a  growler  and  rotate  the  armature 
while  holding  a  hacksaw  blade  over  the  armature  core.  If  the  blade 
vibrates,  the  amiature  is  shorted  dnd  will  require  replacement.) 


FIGURE  4 
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8.       Check  armature  for  ground  (Figure  5) 

(NOTE:  Place  one  lead  of  a  test  lamp  on  the  armature  core  or 
shaft  and  the  other  on  the  commutator.  If  the  lamp  lights,  the 
armature  is  grounded  and  will  require  replacement.) 

FIGURE  5 


9.       Check  field  coi!  for  open  circuit  (Figure  6) 

(NOTE:  Place  one  lead  of  the  test  lamp  on  the  insulated  brush 
and  the  other  on  the  field  connection  tab.  If  the  lamp  does  not 
light,  the  field  coils  are  open  and  will  require  replacement.) 


FIGURE  6 


930 


JOB  SHEET  #2 


10.       Check  field  coil  for  ground  (Figure  7) 

(NOTE:  Place  one  lead  of  the  test  lamp  on  the  field  connector 
tab  and  the  other  on  the  grounded  brush.  If  the  lamp  lights,  the 
field  coils  are  grounded  and  will  require  replacement.) 

FIGURE  7 


11.       After  all  parts  have  been  tested  and  inspected,  and  worn  or 
damaged  parts  replaced,  the  starter  is  ready  to  be  reassembled 

Reassembly 

1.  Assemble  and  install  starter  brush  rigging,  if  required 

2.  Attach  wires  to  starter  brush  assemblies 

3.  Install  starter  drive  on  armature  shaft 

4.  Drive  snap  ring  on  shaft  (Figure  8) 


FIGURE  8 
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JOB  SHEET  #2 
5.       Force  snap  ring  into  retainer  (Figure  9) 


FIGURE  9 


6.  Lubricate  drive  housing  bushing  with  4  to  5  drops  of  light  oil 

7.  Make  sure  thrust  collar  is  in  place  against  snap  ring  and  retainer 

8.  Slide  armature  and  starter  drive  assembly  into  place  in  drive 
housing,  engaging  shift  lever  with  starter  drive  as  requirec* 

(NOTE:  Install  solenoid  if  removed.) 

9.  Position  field  frame  over  armature 

(NOTE:  Use  care  when  positioning  field  frame  against  drive 
housing  to  prevent  damage  to  the  brushes.) 

10.  Place  4  to  5  drops  of  light  oil  on  starter  end  frame  bushing 

11.  Place  leather  brake  washer  on  armature  shaft 

12.  Install  starter  end  frame  and  start  thru  bolts 

13.  Tighten  thru  bolts  evenly  and  securely 

14.  Reconnect  the  field  coil  connectors  to  the  solenoid 

15.  Test  starter  w*"h  a  battery  and  jumper  cables  to  determine  starter 
motor  performance 
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STARTING  CIRCUITS 
UNIT  III 

JOB  SHEET  #3"TEST  STARTER  CIRCUIT  (NO-LOAD) 

4 

I.    Tools  and  materials 

A.  Basic  hand  tool  set 

B.  Starting  motor 

C.  Fully  charged  battery 

D.  Ammeter 

E.  Starter  technical  manual  specifications 

F.  Voltmeter 

G.  Carbonpile  resistor 

H.  Tachometer 

I.  Safety  glasses 
II.  Procedure 

A.  Inspect  starter  motor  before  removal 

1.  Engage  starting  motor  drive  gear  and  listen  for  clashing  teeth 

2.  Release  motor  drive  from  flywheel  and  listen  for  squealing  or 
rattling  noise 

(NOTE:  1  and  2  above  indicate  a  dry  or  won.  drive  mechanism.) 

3.  Look  for  loose  mounting  bolts 

4.  Remove  commutator  end  frame  and  check  for  burned 
communtator  bars,  high  mica,  worn  brushes  or  an  oily 
commutator  and  brushes 

(NOTE:  Correct  3  and  4  before  further  testing,  if  necessary.) 
b       Check  pinion  gear  for  freedom  of  movement  by  turning  shaft 

B.  Concuct  no-load  test 

1.       Remove  starter  from  engine 
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JOB  SHEET  #3 


2.       Connect  starter  motor  to  a  fully  charged  battery  {Figure  1) 
FIGURE  1 


3.       Connect  an  ammeter  between  battery  and  starting  motor  (Figure 


4.  Connect  a  jumper  wire  between  tne  "s"  terminal  and  the  battery 
post  so  solenoid  current  draw  is  not  measured,  if  technical  manual 
specification   is  for  basic  motor  only  (See  Figure  1) 

5.  Connect  voltmeter  to  starting  motor  terminal  and  frame  (Figure 


6.  Connect  carbon  pile  resistor  across  the  battery  (Figure  1) 

7.  Place  a  tachometer  on  end  of  armature  to  measure  armature  speed 
(Figure  1) 

8.  Start  motor  by  connecting  leads  to  battery  terminal 

« 

9.  Vary  the  carbon  pile  resistor  until  the  specified  voltage  is  shown 
on  the  voltmeter 

10.  Read  the  ammeter  for  the  current  draw 

11.  Read  the  tachometer  for  the  armature  speed 

12.  Compare  the  readings  with  the  technical  manual  specifications  for 
the  starter  motor  being  tested 
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JOB  SHEET  #3 

C.    Interpret  no-load  test  results 

1.  Rated  current  draw  and  no-load  speed  indicates  a  normal  starter 
motor  condition 

2.  Low  free  speed  and  high  current  draw  indicate: 

a.  Too  much  friction 

b.  Shorted  armature 

c.  Grounded  armature  of  fields 

3.  Failure  to  operate  with  high  current  draw  indicates: 

a.  A  direct  ground  in  the  terminal  or  fields 

b.  Frozen  bearings 

4.  Failure  to  operate  with  no  current  draw  indicates: 

a.  Open  field  circuit 

b.  Open  armature  coils 

c.  Broken  brush  springs,  worn  brushes  or  high  insulation 
between  commutator  bars 

5.  Low  speed  and  low  current  draw  indicates  high  internal  resistance 
due  to  poor  connections,  dirty  commutator,  or  an  open  field 
circuit 

6.  High  free  speed  and  high  current  draw  indicate  shorted  fields 
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STARTING  CIRCUITS 
UNIT  III 


JOB  SHEET  #4"REC0NDITI0N  STARTING  MOTOR  ARMATURE 

Tools  and  materials 

A.  Basic  hand  tool  set 

B.  Special  tool  for  turning  commutators  or  a  lathe 

C.  Special  tool  for  undercutting  commutator  or  hacksaw  blade 

D.  Safety  glasses 
Procedure 

A.    Turn  down  commutator 

1.       Secure  armature  and  special  tool  in  vise  or  lathe  (Figure  1) 


B.     Undercut  the  mica  between  commuxator  bars 

1.       Secure  armature  and  special  tool  in  vise  (Figure  1) 


(NOTE:  Use  hacksaw  blade  saw  with  same  width  as  distance  between 
commutator  bars  if  special  tool  is  not  available.) 


FIGURE  1 


Remove  only  enough  metal  to  "true-up''  the  commutator 


FIGURE  1 
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2.       Undercut  miv^a  on  commutator 

{NOTE:  Always  consult  starting  motor  specifications  before 
reconditioning  armature.  Most  high  output  starting  motor  armatures 
should  not  be  undercut  after  the  armature  is  turned  down.) 
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STARTING  CIRCUITS 
UNIT  III 

NAME 

TEST 


1.       Match  the  terms  on  the  right  to  the  correct  definitions. 


a. 

Ends  of  a  magnet  in  the  field  frame 

1. 

Armature 

assembly  ot  a  starting  motor 

2. 

Solenoid 

b. 

Wire  wrapped  around  pole  pieces  to 

increase  the  strength  of  the  magnetic 

3, 

Pinion 

field  when  current  is  passed  through  the 

windings 

4. 

Pole  pieces 

c. 

Main  drive  of  starter  motor;  converts 

5. 

Field 

electrical  energy  into  mechanical  energy 

winding 

d. 

Metal  segments  attached  to  ends  of  wire 

6, 

Commutator 

loops   to   form   contact   surface  on 

armature 

7. 

Brushes 

e. 

Sliding  contacts  to  feed  electrical  energy 

8. 

Inertia 

from  battery  to  commutator 

9. 

Motor 

f. 

Small  gear  that  meshes  with  a  larger  gear 

switch 

Electromagnetic    switch    that  closes 

10. 

CEMF 

circuit  and  engagts  the  motor  drive 

pinion  with  the  flywheel 

h. 

Manual,  magnetic,  or  solenoid  switch 

i.   Tendency  of  a  body  in  motion  to  remain 
in  motion 


 j.   Counter  e'ectromotive  force 

2.       Explain  the  purpose  o^  the  starting  circuit. 


3.       Name  four  major  parts  in  the  starting  circuit, 
a. 
b. 
"c, 
d. 
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Match  the  major  parts  on  the  right  to  their  correct  functions. 


a.  Supplies  energy  for  the  circuit 

b.  Activates  the  circuit 


c.  Closes  circuit  to  motor  and  engages 
motor  drive  with  flywheel 

d.  Drives  flywheel  to  start  engine 


Name  four  major  parts  of  a  starting  motor. 


a. 


1. 
2. 
3. 
4. 


Motor 
switch 

Starter 
switch 

Starting 
motor 

Battery 


d. 

Match  the  component  parts  of  the  starting  motor  on  the  right  to  their  correct 
functions. 


a.  Forms  a  magnetic  field  of  force  around 
armature 

b.  Wrapped  around  pole  shoe  to  strengthen 
magnetic  field  when  current  is  passed 
thorugh  the  winding 

 ^c.  Converts      electrical      energy  into 

mechanical  energy  to  drive  mechanism 
to  crank  engine 

 ^d.  Forms  contact  surface  for  battery  to 

feed  electrical  current  through  armature 

e.  Sliding  contacts  which  feed  electrical 
energy  to  the  commutator 

Explain  how  a  basic  starting  motor  converts  electrical  energy  into  mechanical 
energy. 


1. 
2. 

3. 
4. 
5. 


Armature 

Field 
winding 

Commutator 

Brushes 

Pole  shoe 


S3d 


8.       Explain  how  a  starting  motor  is  kept  running. 


9.       Discuss  the  current  flow  in  a  starting  motor  circuit. 


10.       Identify  four  types  of  starter  field  circuits. 


c. 


Match  the  types  of  starter  field  circuits  on  the  right  to  the  current  flow  in 
each  type  circuit. 


_a.  Current  flows  through  all  the  field 
windings  before  it  flows  through  the  two 
insulated  brushes  to  the  armature 

_b.  Current  flows  through  one  field  winding 
to  the  brushes,  and  also  through  the 
other  field  winding  to  the  brushes, 
placing  the  field  windings  in  parallel 

c.  One  third  of  the  current  flows  through 
each  pair  of  field  windings  to  one  of  the 
three  insulated  brushes 

_d.  One  or  more  of  the  poles  is  shunt 
wound,  connected  directly  to  ground  to 
prevent  excessive  speeds 


1.  Compound-wound 

2.  Series-wound 

3.  Series*parallef- 
wound 

4.  Parallel*  wound 


Discuss  counter  electromotive  force  in  relation  to  armature  speed. 
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13.  Name  four  types  of  switches  for  starting  motors, 
a. 

b. 
.  c. 
d. 

9 

14.  Distinguish  between  a  magnetic  switch  and  a  solenoid  switch  by  placing  an  "X" 
next  to  the  description  of  the  magnetic  switch, 

 ^a.  Provides  a  mechanical  means  of  shifting  pinion  into  mesh  with  flywheel 

 b.  Normally  used  with  bendix  drive  as  switch  does  not  provide  mechanical 

shifting  of  drive  mechanism 

15.  Discuss  the  operation  of  the  series-parallel  switch. 

b, 
c, 

16.  Explain  two  ways  starter  drives  are  engaged, 
a. 

b. 

17.  List  three  types  of  electromagnetic  or  lever  shift  drives, 
a, 

b. 
c. 

18.  Demonstrate  the  ability  to: 

a.  Remove  and  replace  a  starter. 

b.  Disassemble,  test,  and  reassemble  a  starter. 
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c.  Test  starter  circuit  (no-load). 

d.  Recondition  starting  motor  armature. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask 
your  instructor  when  they  should  be  completed.) 
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STARTING  CIRCUITS 
UNIT  III 


ANSWERS  TO  TEST 

1.  a.    4  f.  3 

b.  5  g.  2 

c.  1  h.  9 

d.  6  i.  8 

e.  7,  j.  10 

2.  Explanation  should  include: 

Converts  electrical  energy  from  the  battery  into  mechanical  energy  at  the  starting 
motor  to  crank  the  engine 


3. 

A. 

Battery 

b. 

Starter  switch 

c. 

Motor  switch 

d. 

Starting  motor 

4. 

a. 

4 

b. 

2 

c. 

1 

d. 

3 

5. 

a. 

Motor  switch 

b. 

Field  frame  assembly 

c. 

A>mature 

d. 

Drive  mechanism 

6. 

a. 

5                 d.  3 

b: 

2                 e.  4 

c. 

1 
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7.  Explanation  should  include: 

Current  c-irrying  cordu^^tor  (armature)  formed  in  a  loop  and  mounted  on  a  shaft, 
will  cause  ihe  shaft  to  rotate  when  placed  inside  a  magnetic  field  (fieid  windings) 

8.  Explanation  should  include: 

a.  The  magnetic  field  around  the  armature  and  the  magnetic  fieid  between 
the  pole  pieces  repel  each  other  causing  the  armature  to  turn 

b.  Metal  segments  on  the  ends  of  the  commutator  make  a  one-half  turn 
reversing  their  connection  through  sliding  contacts  (b;  '*shes)  which  causes 
the  current  to  flow  in  the  opposite  directior)  in  the  armature  windings 

9.  Discussion  should  incluae-Current  wili  fiow  from  battery,  through  cable,  across 
switch  contacts,  through  field  windings  and  armature,  and  back  to  battery 
through  ground 

10.  a.  Parallei-wound 

b.  Series-wound 

c.  Saries-parallei-wound 

d.  Compound-wound 

11.  a.  2 

b.  4 

c.  3 

d.  1 

12.  Discussion  should  include: 

a.  Counter  voltage  (CEMF)  is  induced  into  the  armature  v^indings  when  they 
pass  through  the  magnetic  field  of  tfie  field  coils 

b.  The  faster  the  armature  turns  the  hinher  the  counter  voltage 

c.  The  compound-wound  starter  shunt  winding  prevents  excessive  speeding 
because  the  shunt  winding  is  connected  directly  to  ground,  reducing  the 
series  wound  field  winding,  armature  current  flow,  and  armature  free  speed 


13.       a.  Manual 
b.  Solenoid 


94 


ERIC 


D  -  137.F 


c.  Magnetic 

d.  Series^parallel 

14.  b 

15.  Discussion  should  include: 

a.  Starter  switch  closes,  connecting  two  12  volt  batteries  in  series  with  the 
starting  motor 

b*  Solenoid  circuit  is  completed  by  a  set  of  points  mechanically  closed  by 
the  series-parallel  switch  plunger  and  starter  turns  over 

c.  Starter  switch  is  released,  going  into  neutral  position,  permitting  operation 
of  electrical  equipment  by  two  12  volt  batteries  in  parallel  for  normal 
operation 

16.  Explanation  should  include: 

a.  Inertia^of  armature  acting  through  drive  mechanism 

b.  Electromagnetic  plunger  to  mechanically  shift  pinion  into  mesh 

17.  a.     Overrunning  clutch 

b.  Dyer  drive 

c.  Sprag  clutch  drive 

18.  Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 
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IGNITION  CIRCUITS 
UNIT  IV 


UNIT  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  identify  the  components 
and  explain  the  purpose  of  the  ignition  circuit.  The  student  should  be  able  to  remove 
and  replace  the  distributor,  install  contact  points  and  condenser,  and  set  contact  point 
dwell  and  ignition  timing.  The  stuaent  should  also  be  able  to  remove,  service,  and  replace 
spark  plugs.  This  knowledge  will  be  evidenced  through  demonstration  and  by  scoring 
eighty-five  percent  on  the  unit  test. 

SPECIFIC  OBJECTIVES 

After* completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  the  ignition  circuit  to  the  correct  definitions. 

2.  Explain  the  purpose  of  the  ignition  circuit. 

3.  Identify  the  components  of  the  ignition  circuit. 

4.  Match  the  components  of  the  ignition  circuit  to  the  correct  functions. 

5.  Distinguish  between  primary  and  secondary"1§nition  circuit  components. 

6.  Identify  the  components  of  the  distributor. 

7.  Discuss  the  operation  of  the  ignition  circuit  beginning  with  the  battery 
through  one  complete  cycle. 

8.  Discuss  the  transistorized  and  capacitive  discharge  ignition  systems. 

9.  Identify  the  major  components  of  an  electronic  ignition  system. 

10.  Discuss  the  functions  of  the  major  components  of  the  electronic  ignition 
system. 

11.  Demonstrate  the  ability  to: 

a.  Remove  and  install  a  distributor. 

b.  Remove  and  replace  contact  points  and  condenser. 

c.  Adjust  dwell  on  an  externally  adjustable  distributor. 

d.  Check  and  set  ignition  timing. 

e.  Remove,  service,  and  replace  spark  plugs, 

m 
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IGNITION  CIRCUITS 
UNIT  IV 


SUGGESTED  ACTIVITIES 


I.  Instmctor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  information  and  job  sheets. 

C.  Make  transparencies. 

D.  Discuss  unit  and  specific  objectives. 

E.  Discuss  information  sheet. 

F.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

G.  Discuss  spark  plug  heat  range. 

H.  Discuss  the  different  methods  of  ignition  bypass. 

I.  Give  test 

II.  Student: 

A.  Read  objective  sheet. 

B.  Study  information  sheet. 

C.  Complete  job  sheets. 

D.  Take  test. 


INSTRUCTIONAL  MATERIALS 


I..    Included  in  this  unit: 


Objective  sheet 


Information  sheet 


Transparency  masters 


TM  1--Componerts  of  the  Ignition  System 


2. 


TM  2--Primary  Circuit 


ERIC 


3.  TM  3-Secondary  Circuit 

4.  TM  4-Distributor  Components 

5.  TM  5--Operation  of  the  Ignition  System 

6.  TM  6--Operation  of  the  Ignition  System  (Continued) 

7.  TM  7-Operation  of  the  Ignition  System  (Continued) 

8.  TM  8--Operation  of  the  Ignition  System  (Continued) 

9.  TM  9-Operation  of  the  lgr>ition  System  (Continued) 

10.  TM  10-Major  Components  of  the  Electronic  Ignition  System 

D.  Job  sheets 

1.  Job  Sheet  #1"Remove  and  Install  a  Distributor 

2.  Job  Sheet  #2--Remove  and  Replace  Contact  Points  and  Condenser 

3.  Job   Sheet   #3"Adjust   Dwell   on   an   Externally  Adjustable 
Distributor 

4.  Job  Sheet  #4"Check  and  Set  Ignition  Timing 

5.  Job  Sheet  #5"Remove,  Service,  and  Replace  Spark^  Plugs 

E.  Test 

F.  Answers  to  test 
References: 

A.  Fundamentals  of  Service:  Electrical  Systems.  Moline,  Illinois:  Deere  and 
Company. 

B.  Billiet,  Walter  E.,  and  Goings,  Leslie  F.  Automotive  electrical  Systems.  3rd 
ed.  Chicago,  llliRois:  /  nnerican  Technical  Society. 

C.  Crouse,  William  H.  Automotive  Mechanics.  New  York,  New  York:  Webster 
Division/McGraw-Hill  Book  Company. 
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IGNITION  CIRCUITS 
UNIT  IV 


INFORMATION  SHEET 


I.  Terms  and  definitions 

A.  Timing-Igniting  the  fuel-air  mixture  at  the  exact  instant  that  will  enable 
the  engine  to  develop  maximum  power 

B.  Timing  marks-Marks  used  to  synchronize  the  ignition  circuit  so  that  plugs 
will  fire  at  the  precise  time 

(NOTE:  Timing  marks  are  usually  located  on  the  vibration  damper  or 
flywheel.) 

C.  Primary  ignition  circuit-Low  voltage  circuit  which  energizes  the  ignition 
coil 

D.  Secondary  ignition  circuit-Hie  :  voltage  circuit  which  produces  electrical 
current  to  jump  spark  plug  .icp 

E.  Dweli-Number  of  degrees  of  distributor  cam  rotation  thrt  the  ignition 
points  art'  closed 

F.  Condenser--A  unit  installed  between  the  breaker  points  and  coil  to  prevent 
arcing 

(NOTE:  A  condenser  has  the  ability  to  absorb  and  retain  surges  of 
electricity.) 

G.  Coil  polarity  - A  means  of  connecting  the  coil  primary  windings  to  the 
distributor  so  that  current  produced  at  the  spark  plug  will  travel  from  center 
electrode  to  ground 

Example:  On  negative-ground  systems,  the  negative  primary  terminal 
of  coil  is  connected  to  the  distributor.  On  positive-ground 
systems,  the  positive  primary  terminal  is  connected  to  the 
distributer 

H.  Electronic  ignition  system  Ignition  system  using  a  control  unit  and  magnetic 
pickup  to  open  and  close  the  primary  circuit 

II.  Purpose  of  ignition  circuit  The  ignition  circuit  produces  a  high  voltage  spark 
which  ignites  the  fuel  air  mixture  in  the  engine  cylinder 
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INFORMATION  SHEET 

III.  Components  of  ignition  circuit  (Transparency  1) 

A.  Battery 

B.  Ignition  switch 

C.  Primary  resistance  unit 

D.  Ignition  coil 

E.  Contact  points 

F.  Condenser 

G.  Distributor 

H.  Breaker  cam 

I.  Spark-advance  mechanism 

(NOTE:  There  are  two  types  of  spark-advance  mechanisms,  vacuum  and 
mechanical.  Engine  vacuum  controls  timing  advance  w  relation  to  engine 
load.  Mechanical  advance  changes  engine  timing  according  to  engine  speed.) 

J.  Rotor 

K.  Distributor  cap 

L.  Spark  plug 

M.  Primary  ignition  wire 

N.  Secondary  ignition  cable 

0.  Ignition  byp^So  circuit 

IV.  Components  of  the  ignition  circuit  and  functions  (Transparency  1) 

A.  Battery-'Source  of  elecxncol  power 

B.  Ignition  switch-  Opens  r.nd  closes  the  primary  circuit  between  battery  ana 
contact  points 

C.  Primary  resistance  unit  Reduces  voltage  in  the  primary  circuit  to  protect 
the  contact  points 

D.  Ignition  coil  Transforms  low  voltage  into  high  voltage  necessary  to  jump 
the  spark  plug  gap 

E.  Contact  points-  Make  and  break  the  primary  circuit  to  allow  the  coil  to 
produce  high  voltage  at  the  spark  plugs 


ERLC 


951 


D  -  145-F 


INFORMATION  SHEET 


F.  Condenser-Device  that  absorbs  surges  in  the  primary  circuit  when  the 
opening  of  the  ignition  points  causes  an  interruption  in  current  flow 

G.  Distributor-Contains  the  contact  points  and  condenser;  distributes  the  high 
voltage  current  from  the  coi'  to  the  proper  cylinder 

H.  Breaker  cam-Opens  and  closes  the  ;ontact  points 

I.  Spark -advance  mechanism-RecjUlates  the  timing  of  the  high  voltage  circuit 
for  best  ignition  during  all  speed  and  load  conditions 

J.  Rotor-Takes  the*  high  voltage  current  from  the  coil  and  directs  it  to  the 
correct  cylinder 

K.  Distributor  cap-Holds  the  coil  and  spark  plug  wires  in  a  sequence  and 
provides  a  cove"  for  the  distributor 

L.  Spark  plug-Prcvides  a  spark  gap  inside  the  engine  cylinder  to  ignite  the 
fuel  air  mixture 

M.  Primary  ignition  wire-Carries  low  voltage  from  the  battery  to  the  primary 
side  of  the  ignition  coil  (light  wire) 

N.  Secondary  ignition  cable-Carries  high  voltage  from  the  secondary  side  of 
the  coil  to  the  spark  plug  (heavily  insulated  wire) 

0.  Ignition  bypass  circuit-Primary  ignition  circuit  that  bypasses  the  ignition 
resistance  unit,  permitting  full  battery  voltage  to  the  ignition  coil  during 
starting  only 

V.    Ignition  circuit  components 

A.    Primary-Low  vo'tage  circuit  (Transparency  2) 


1. 

Battery 

2. 

Ignition  switch 

3. 

Resistance  unit 

4. 

P'-imary  winding  of  the  coil 

5. 

Contact  points 

6. 

Coridenser 

7. 

Low  voltage  wire  that  connects  the  units 

o 
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INFORMATION  SHEET 

B.    Secondary-High  vcUage  circuit  (Transparency  3) 

1.  Secondary  winding  of  the  coil 

2.  Distributor  cap 

3.  Rotor 

4.  Spark  plug 

5.  High  voltage  wire  that  connects  the  units 
VI.    Distributor  components  (Transparency  4) 


A. 

Distributor  cap 

B. 

Rotor 

C. 

Centrifugal  advar-^e  mechanism 

D. 

Condenser 

E. 

Vacuum  advance  unit 

F. 

Breaker  plate 

G. 

Distributor  cam 

H. 

Contact  points 

1. 

Distributor  housing 

J. 

Prirriary  lead  wire 

K. 

Distributor  Jnve  gear 

VII.    Operation  of  the  ignition  circuit 

A.  With  the  ignition  switch  on  and  the  contact  points  closed,  low  voltage 
current  flows  from  the  battery  through  the  primary  winding  of  the  coil 
and  through  the  contact  points  to  ground  (Transparency  5) 

B.  The  flow  of  low  voitage  currpnt  through  the  primary  windings  of  the  coil 
causes  a  r^agnetic  field  buildup  (Transparency  6) 

C.  As  the  contact  points  open,  current  attempts  to  flow  across  the  point 
surfaces;  the  condenser  attached  to  the  points  absorbs  this  flow  of  current 
(Transparency  7) 
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INFORMATION  SHEET 

D.  Stopping  this  flow  current  causes  the  magnetic  field  of  the  coil  to  collapse 
across  the  secondary  coil  windings,  causing  a  high  voltage  surge 
(Transparency  8) 

E.  This  high  voltage  surge  is  directed  from  the  secondary  windings  of  the  coil 
through  the  distributor  cap  and  rotor  and  on  to  the  spark  plug  to  ground 
(Transparency  9) 

VIII.    Transistorized  and  capacitive  discharge  ignition  systems 

A.  Both  variations  Designed  to  increase  primary  voltage  to  coil  and  reduce 
voltage  to  points  or  eliminate  points 

B.  Transistorized  ignitions 

1.  Amplifier  included  in  circuit  between  points  and  ignition  coil 

2.  Transistors  allow  very  low  voltage  through  the  points  and  very 
high  voltage  to  thp  primary  windings  in  coil 

C.  Capacitive  discharge  system 

1.  System  contains  special  ignition  distributor,  amplifier,  and  special 
coil 

2.  System  operates  to  charge  a  capacitor  to  a  high  voltage  which, 
on  signal  from  distributor,  is  then  discharged  through  the  primary 
windings  in  coil 

IX.  Major  components    ^  the  electronic  ignition  system  (Transparency  IC* 

A.  Dual  ballast  r  ,istor 

(NOTE:  This  component  is  not  used  on  all  models.) 

B.  Control  unit 

C.  Magnetic  pickup  assembly 

D.  Armature  or  -eluctor 

X.  Function  of  the  major  components  of  the  electronic  ignition  system 

A.  Dual  ballast  resistor  Maintains  constant  primary  current  with  variations  in 
engine  speed 

(NOTE:  The  dual  ballast  resistor  is  bypassed  during  engine  starting.} 
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INFORMATION  SHEET 


B.  Magnetic  pickup  assembly-Sends  a  small  voltage  pulse  to  the  control  unit 
to  trigger  switching  transistor  to  stop  current  flow  in  the  coil  primary 
windings 

C.  Armature  or  reluctor-Rotates  with  the  distributor  shaft,  producing  a  voltage 
pulse  in  the  magnetic  pickup 

(NOTE:  The  armature  contains  the  same  number  of  tips  as  the  engine 
contains  cylinders.) 

D.  Control  unit-Controls  the  flow  of  current  in  the  primary  windings  of  the 
ignition  coi!  and  maintains  constant  dwell 
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Spark  Advance  Mechanism 


Primary  Circuit 


Contact  Points 


Condense/ 


Primary  Winding  jt 


Ignition  Switch 


Resistance  Unit 


Low  Voltage 
Wire 
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Secondary  Circuit 


High  Voltage  Wire 


Secondary 
Winding 


Distributor 
Cap 
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Distributor  Components 


Distributor  Cap 


Rotor 


Contact  Points 


Distributor  Housing 


Distributor  Drive  Gear 


T  Centrifugal  Advance 
Mechanism 

Condenser 

Vacuum 
Advance 
Unit 

Distributor  Cam 
Primary  Lead  Wire 


Breaker  Plate 


TM  4 


Contact  Points 
Closed 


Primary 
Winding  ^ 


Coil 
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Operation  of  the 
Ignition  System 


Ignition 

Resistance  Unit         Switch  On 


Contact  Points 
Closed 


Operation  of  the 
Ignition  System 

(Continued) 


Magnetic  Field  Build  Up 


Ignition 
Switch  On 


•H 
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Operation  of  the 
gnition  System 

(Continued) 


Ignition 
Switch  On 


1 

Operation  of  the 

Contact  Points  Ignition  System 

Open  (Continued) 


High  Voltage  Surge 


Ignition 
Switch  On 


Magnetic  Field  Collapses  Across 
the  Secondary  Coil  Winding 
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Operation  of  the 
Ignition  System 

(Continued) 


High  Voltage  Surge 


Ignition 
Switch  On 


Spark  Y 
Plug 


Secondary 
Winding 


Distributor  Cap 
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Major  Components  of  the  Electronic  Ignition  System 
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IGNITION  CIRCUITS 
UNIT  IV 


JOB  SHEET  #1"REM0VE  AND  INSTALL  A  DISTRIBUTOR 


L    Tools  and  materials 

A.  Basic  hand  tool  set 

B.  Set  of  ignition  wrenches 

C.  Special  distributor  wrenches  as  required 

D.  Auxiliary  starter  button 
£•    Spark  plug  socket  wrench 

F.  Shop  towels 

G.  Safety  glasses 
II.  Procedure 

A.    Remove  distributor 

1.  Remove  air  cleaner  if  required 

2.  Remove  the  distributor  wire  from  coil  or  distributor  as  required 

3.  Remove  the  distributor  cap  and  position  out  of  the  way 

4.  Mark  position  of  the  rotor 

(NOTE:  It  is  necessary  that  the  position  be  marked  or  indicated 
in  some  manner  for  re-installation,) 

5.  Remove  vacuum  hose  line  from  distributor 
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JOB  SHGET  #1 


6.       Remove  distributor  clamp  screw  and  hold-down  clamp  (Figure 


7.  Pull  distributor  up  slowly  and  check  direction  the  rotor  turns 

(NOTE:  The  amount  the  rotor  turns  and  the  direction  i'.  turns 
will  be  necessary  for  re-installation.) 

8.  Remove  distributor  from  engine 

(CAUTiON:  Avoid  dropping  bolts,  brackets,  or  foreign  material 
into  opening.  Cover  with  a  shop  towel.) 

9..      Service  distributor  as  required 

Install  distributor 

1.       Renriove  number  one  cylinder  spark  plug 


2.       Install  auxiliary  stf  ter  button  and  crank  the  engine  until 
compression  is  felt  on  number  one  cylinder 
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JOB  SHEET  #1 

4.  Place  distributor  in  opening 

{NOTE:  The  rotor  must  be  pointing  in  the  same  direction  as  it 
was  before  removal.) 

5.  The  distributor  may  have  to  be  moved  around  to  engage  the  oil 
pump  shaft 

(NOTE:  Occasionally  the  distributor  will  not  fall  into  place 
because  the  oil  pump  shaft  has  moved.  The  rotor  should  be 
positioned  as  close  as  possible  to  the  beginning  location  and  the 
engine  rotated  slightly  until  it  falls  into  place.  Some  distributor 
drives  will  be  driven  by  oH  pump  and  gear  mesh  will  not  be 
necessary) 

6.  Install  hold-down  clamp  and  clamp  screw 

7.  Static  time  point  openings 

(NOTE:  A  connection  between  distributor  side  of  coil  and  ground 
with  a  light  or  buzzer  can  be  used,) 

8.  Tighten  the  hold-down  screw  slightly 

9.  Replace  vacuum  lines 

10.  Replace  distributor  cap  and  wires  if  removed 

11.  Replace  spark  plugs  and  plug  wires 

12.  Replace  distributor  lead  wire 

13.  Check  all  connections  for  correct  placement 

14.  Start  engine  and  check  timing 

15.  Check  operation  of  automatic  advance 
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IGNITION  CIRCUITS 
UNIT  IV 


4 


SHEET  #2-REM0VE  AND  REPLACE  CONTACT  POINTS  AND  CONDENSER 

I.    Tools  and  materials 

A.  Basic  hand  tool  set 

B.  Ignition  wrenches 

C.  Feeler  gauges,  .010  -  ,025 

D.  Distributor  cam  lubricant 

E.  Point  alignment  tools 

F.  Timing  light 

G.  Shop  towel 

H.  Safety  glasses 
11.  Procedure 

A.  Remove  distributor  cap  and  place  out  of  the  way 

B.  Remove  rotor 

C.  Determine  condition  of  contact  points  and  location  of  wires  screws,  and 
eccentric  as  used 

D.  Disconnect  contact  point  primary  lead  wire  and  condenser  vWre  by  loosening 


screw  (Figure  1) 


FIGURE  1 


ERLC 


977 


174.F 


JOB  SHEET  #2 


E. 


Loosen  screws  holding  contact  points  in  place  (Figure  2) 


FIGURE  2 


F.  Remove  contact  point  set 

G.  Remove  screw  holding  condenser  in  place 

H.  Remove  condenser 

I.  Clean  breaker  plate  and  distributor  cam 

J.  Lubricate  the  distributor  cam  with  a  light  coat  of  cam  lubricant  {Figure 


(NOTE:  On  distributors  with  the  centrifugal  weights  accessible,  place  a  drop 
of  light  oil  on  each  weight  pivot  post.) 


LUBRICATE  DISTRIBUTOR  CAM 

K.  Place  the  contact  points  in  distributor  and  install  attaching  screws 
L.    Replace  condenser  and  attaching  screw;  tighten  securely 


3) 


FIGURE  3 
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M,    Replace  the  primary  lead  and  condenser  wires 

(NOTE:  Position  the  wires  in  such  a  manner  to  avoid  binding  or  grounding.) 

N.    Tighten  primary  lead  and  condenser  wires  securely 

O,    Check  point  alignment  and  adjust  as  required 

P.    Check  contact  point  breaker  spring  tension 

Q.    Adjust  contact  point  opening  (Figure  4) 

(NOTE:  Crank  the  engine  to  position  the  rubbing  block  of  the  contact 
points  on  the  peak  of  the  cam  lobe.) 


R.    Adjust  contact  points  to  manufacturer's  recommendations 

S.    Tighten  contact  point  attaching  screws  securely;  recheck  contact  point 
opening 

T.    Install  rotor 

(NOTE:  Make  sure  the  rotor  is  positioned  correctly  and  securely  in  place.) 


FIGURE  4 


Feeler  Gauge 


Contact  Points 


ADJUST  CONTACT  POINT  OPENING 
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JOB  SHEET  #2 


U.    Install  distributor  cap 

(NOTE:  Make  sure  the  distributor  is  positioned  correctly  and  securely  in 
place.) 

V.    Replace  distributor  in  engine,  if  removed 
W.    Start  engine 

X.    Set  timing  to  manufacturer's  specification  (Figure  5) 
FIGURE  5  ill 


TIMING 


980 


ERIC 


IGNITION  CIRCUITS 
UNIT  IV 


JOB  SHEET  #3-ADJUST  DWELL  ON  AN  EXTERNALLY  ADJUSTABLE  DISTRIBUTOR 

L    Tools  and  materials 

A.  Dwell  meter 

B.  Hex  contact  point  adjusting  tool 

C.  Safety  glasses 
IL  Procedure 

A.    Connect  dwell  meter  (Figure  1) 

(CAUTION:  Observe  correct  hookup  procedures  and  position  wires  away 
from  moving  engine  parts.) 

FIGURE  1 


(NOTE:  Be  sure  and  disconnect  vacuum  line.) 

B.  Refer  to  manufacturer's  specifications  for  desired  dwell  setting 

C.  Start  the  engine 

D.  Adjust  idle  speed  to  manufacturer's  specification 

E.  Raise  distributor  cap  adjustment  window 
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JOB  SHEET  #3 


F. 


Insert  hex  wrench  into  contact  point  adjustment  screw  (Figure  2) 


FIGURE  2 


Adjusting  Screw 


Contact  Point 


G.  Adjust  contact  point  dwell  while  observing  dwell  meter  reading  to  comply 
with  manufacturer's  specifications 

{NOTE:  Recheck  engine  idle  speed.) 

H.  Remove  hex  wrench  and  recheck  dwell  reading 

I.  Shut  off  the  engine 
J.     Remove  dwell  meter 

K,    Push  window  on  distributor  cap  down  securely 
(NOTE:  Replace  vacuum  line  to  distributor.) 
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'  IGNITION  CIRCUITS 
UNIT  IV 

JOB  SHEET  #4-CHECK  AND  ScT  IGNITION  TIMING 

I.  Tools  and  materials 

A.  Timing  light 

B.  Combination  end  wrenches,  7/16"  -  9/16" 

C.  Special  distributor  wrenches  as  required 

D.  Chalk 

E.  Shop  towels 

F.  Safety  glasses 

II.  Procedure 

A.  Obtain  manufacturer's  specifications  for  ignition  timing,  dwell,  and  rpm 

(NOTE:  RPM  and  dwell  must  be  set  to  manufacturer's  specifications  before 
timing  is  set.) 

B.  Remove  vacuum  line  at  the  distributor  (Figure  1) 


FIGURE  1 


REMOVE  VACUUM  LINE 


C.  Locate  and  clean  the  ignition  timing  marks  on  the  harmonic  balancer;  mark 
with  chalk 

D.  Locate  and  clean  the  timing  pointer  or  plate  on  the  front  cover 

E.  Connect  the  timing  light  according  to  the  instructions  for  the  light  being 
used 

(NOTE:  Do  not  puncture  spark  plug  cables  with  pins  or  clips  to  make 
connections.) 
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Position  wires  away  from  moving  engine  parts 
Start  the  engine 

Make  sure  the  engine  is  idling  at  manufacturer's  recommendations 

{NOTE:  The  engine  must  idle  correctly  to  prevent  incorrect  timing  caused 
by  the  centrifugal  advance.) 

Direct  the  timing  light  toward  the  timing  marks  (Figure  2) 

(NOTE:  If  the  timing  is  correct,  the  timing  marks  will  line  up  at  the  check 
point.  If  the  timing  is  incorrect,  proceed  as  follows.) 


FIGURE  2 


CHECK  TIMING 


Loosen  the  clamp  or  lock  screw  on  the  distributor 
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JOB  SHEET  #4 

Move  the  distributor  until  the  timing  marks  are  lined  up  (Figure  3) 


MOVE  DISTRIBUTOR  TO  ADJUST  TIMING 

L    Tighten  the  clamp  or  lock  screw  on  the  distributor 

M,    Recheck  timing 

Shut  off  engine 
0,    Disconnect  timing  light 

(NOTE:  Remove  timing  light  adapter  on  spark  plug  if  used,) 
P,     Replace  vacuum  line  on  distributor 
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IGNITION  CIRCUITS 
UNIT  IV 


JOB  SHEET  #5--REM0VE,  SERVICE,  AND  REPLACE  SPARK  PLUGS 

I.    Tools  and  materials 

A.  Spark  plug  socket,  3/8"  drive 

B.  Ratchet,  3/8"  drive 

C.  Extensions,  3"  -  6"  -  10"  by  3/8"  drive 

D.  Spark  plug  cleaner 

E.  Wire  brush 

F.  Small  point  file 

G.  Shop  towels 

H.  Safety  glasses 
II.  Procedure 

A.  Remove  spark  plug  wires 

(NOTE:  Pull  the  wire  from  the  spark  plug  by  grasping  the  terminal,  not 
by  pulling  on  the  wire.) 

B.  Loosen  the  spark  plugs 

C.  Clean  the  area  around  the  spark  plug  by  blowing,  wiping,  or  brushing  (Figure 
(NOTE:  Protect  your  eyes  when  using  compressed  air.) 


FIGURE  1 


CLEAN  AROUND " 


SPARK  PLUG 
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JOB  SHEET  #5 


D.    Remove  the  spark  plugs 

(NOTE:  Arrange  the  spark  plugs  in  order  as  they  are  removed.  The 
condition  of  the  spark  plug  can  tell  a  lot  about  the  operation  of  a  particular 
cylinder.  See  Figure  2.) 

FIGURE  2 


1  A  s 

ARRANGE  IN  ORDER 

E.  Remove  the  spark  plug  gaskets  if  used 

F.  Determine  the  condition  of  the  spark  plugs  and  decide  whether  to  replace 
or  service 

G.  Service  by  cleaning  the  spark  plugs  on  a  spark  plug  cleaning  machine  (Figure 
3) 


FIGURE  3 


CLEAN  SPARK  PLUGS 
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JOB  SHEET  #5 

H.    Clean  the  threads  with  a  wire  hand  brush  (Figure  4) 
FIGURE  4 


CLEAN  SPARK  PLUG  THREADS 

I.     Bend  the  ground  electrode  slightly  to  open  gap 

J.     File  the  center  electrode  to  flatten  the  surface  and  square  up  the  edges 
(Figure  5) 

FIGURE  5 
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JOB  SHEET  #5 

K.    Reset  gap  on  new  and  serviced  spark  plugs  to  manufacturer's  specifications 
(Figure  6) 

(NOTE:  Use  a  wire  gauge  to  check  the  gap.  Make  sure  the  electrode  surfaces 
are  parallel.  Regap  everytime  plugs  are  serviced.) 

(CAUTION:  Bend  only  the  ground  electrode.) 
FIGURE  6 

aeSET  SPARK  PLUG  GAP 


Gap  Setter 


round  Electrode 


L.    Install  new  spark  plug  gaskets  as  required 

M.    Install  spark  plugs  and  tighten 

(NOTE:  Use  caution  when  starting  the  spark  plugs  to  avoid  cross  threading.) 

N.    Torque  the  spark  plugs  to  manufacturer's  recommendations 

O.    Replace  the  spark  plug  wires  in  the  proper  order 

(NOTE:  Push  the  spark  plug  wires  securely  into  place  and  make  sure  thev 
are  in  the  brackets  or  holders.) 
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IGNITION  CIRCUITS 
UNIT  IV 


NAME  

TEST 

Match  terms  on  the  right  to  the  correct  definitions. 


igniting  ine  Tue!*air  mixiure  at  ine  exaci 

1. 

Uondenser 

instant  that  will  enable  the  engine  to 

develop  maximum  power 

Timing 

marks 

L 

b. 



Marks  used  to  synchronize  tne  ignition 

circuit  so  that  plugs  will  fire  at  the 

o. 

Electronic 

precise  time 

ignition 

system 

c. 

Low  voltage  circuit  which  energizes  the 

ignition  coi! 

A 

4. 

Secondary 

ignition 

d. 

High  voltage  circuit  which  produces 

circuit 

electrial  current  to  jump  spark  plug  gap 

5. 

Dwell 

e. 

Number  of  degrees  of  distributor  cam 

rotation  that  the  ignition  points  are 

6. 

Timing 

closed 

7. 

Primary 

f. 

A  unit  installed  between  the  breaker 

ignition 

points  and  coil  to  prevent  arcing 

circuit 

A  means  of  connecting  the  coil  primary 

8. 

Coil 

windings  to  the  distributor  so  that 

polarity 

current  produced  at  the  spark  plug  will 
travel  from  center  electrode  to  ground 

 h.  Ignition  system  using  a  control  unit  and 

magnetic  pickup  to  open  and  close  the 
primary  circuit 

Explain  the  purpoi>e  of  the  ignition  circuit. 
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Match  the  components  of  the  ignition  circuit  on  the  right  to  the  correct 
functions. 


a.  Source  of  electrical  power 

b.  Opens  and  closes  the  prinr^ary  circuit 
between  battery  and  contact  points 

c.  Reduces  voltage  in  the  primary  circuit 
to  protect  the  contact  points 

d.  Transforms  low  voltage  into  high  voltage 
necessary  to  jump  the  spark  plug  gap 

e.  Make  and  break  the  primary  circuit  to 
allow  the  coil  to  produce  hirh  voltage 
at  the  spark  plugs 

f .  Device  that  absorbs  surges  in  the  primary 
circuit  when  the  opening  of  the  ignition 
points  causes  an  interruption  in  current 
flow. 

_g.  Contains  the  contact  points  and 
condenser;  distributes  the  high 
voltage  current  from  the  coil  to  the 
proper  cylinder 

h.  Opens  and  closes  the  contact  Doints 


i.  Regulates  the  timing  of  the  high  voltage 
circuit  for  best  ignition  during  all  speed 
and  load  conditions 

j.  Takes  the  high  voltage  current  from  the 
coil  and  directs  it  to  the  correct  cylinder 

k.  Holds  the  coil  and  spark  plug  wires  in 
a  sequence  and  provides  a  cover  for  the 
distributor 

I.  Provides  a  spark  gap  inside  the  engine 
cylinder  to  ignite  the  fuel  air  mixture 

m.  Carries  low  voltage  from  the  battery  to 
the  primary  side  of  the  irjnicion  coil 
(light  wire) 


1. 

Ignition  switch 

2. 

Primarv  rpsistancQ 

i    1  «  1  1  Ivl  IT       1  V  «JI  «J  Mai  1  w«* 

unit 

3. 

Spark  plug 

4. 

Primary  ignition 

wire 

5. 

Breaker  cam 

6. 

Distributor 

7. 

SfiCOiid^rv  ianttton 

cable 

8. 

Distributor  cap 

9. 

Spark*advance 

mechanism 

10. 

Condpnspr 

V^Vl  lUCI  19^1 

'i  1. 

lonition  roil 

12. 

Rotor 

13. 

Contact  points 

14. 

Battery 

15. 

Ignition  bypass 

circuit 
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 n.  Carries  high  voltaqe  from  the  secondary 

side  of  the  coil  to  the  spark  plug 
(heavily  insulated  wire) 

 0,  Primary  ignition  circuit  that  bypasses  the 

ignition  resistance  unit,  permitting  full 
battery  voltage  to  the  ignition  coil 
during  starting  only 

5.  Distinguish  between  primary  and  secondary  ignition  circuit  components  by 
placing  a  "P"  next  to  primary  components  and  an  "S"  next  to  secondary 
components. 

a.  Resistance  unit 


b.  Condenser 


i —  c.  Distributor  cap 


d.  Ignition  switch 

e.  Rotor 


f.  Secondary  winding  of  the  coil 

g.  High  voltage  wire  that  connects  the  units  . 

h.  Low  voltage  wire  that  connects  the  units 

i.  Contact  points 


j.  Battery 

k.  Primary  winding  of  the  coil 


I  Spark  plug 


993 


ERIC 


Discuss  the  operation  of  the  ignition  circuit  beginning  with  the  battery  through 
one  complete  cycle. 


Discuss  the  transistorized  and  capacitive  discharge  ignition  systems. 
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9.       identify  the  major  components  of  the  electronic  ignition  system. 


b 


10.       Discuss  the  functions  of  the  major  components  of  the  electronic  ignition  system, 
a.     Dual  ballast  resistor 


b.     Magnetic  pickup  assembly 


c.     Armature  or  reluctor 


d.     Control  unit 


11.       Demonstrate  the  ability  to: 

a.  Remove  and  install  a  distributor. 

b.  Remove  and  replace  contact  points  and  condenser. 
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c.  Adjust  dwell  on  an  externally  adjustable  distributor. 

d.  Check  and  set  ignition  timing. 

e.  Remove,  service,  and  replace  spark  plugs. 

{NOTE:  If  these  activiiies  have  not  been  accomplished  prior  to  the  test,  ask 
your  instructor  when  they  should  be  completed.) 
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IGNITION  CIRCUITS 
UNIT  IV 


ANSWERS  TO  TEST 

1.  a.  6  d.    4  g.  8 
"b.  2                            e.     5  h.  3 

c.  7  f.  1 

2.  Explanation  should  include-  The  ignition  circuit  produces  a  high  voltage  current 
which  ignites  the  fuel  air  mixture  in  the  engine  cylinder 

3.  a.  Battery 

b.  Ignition  switch 

c.  Primary  resistance  unit 

d.  Ignition  coil 

e.  Contact  points 

f.  Condenser 

g.  Distributor 

h.  Breaker  cam 

i.  Spark-advance  mechanism 
j.  Rotor 

k.  Distributor  cap 

I.  Spark  plug 

m.  Primary  ignition  wire 

n.  Secondary  ignition  cable 

o.  Ignition  bypass  circuit 

4.  a.  14  f.     10  k.  8 

b.  1  g.    6  I.  3 

c.  2  h.    5  m.  4 

d.  11  i.     9  n.  7 

e.  13  i.     12  0.  15 
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5.  a.  P  e.     S  i.  P 

b.  P  f.     S  j.  P 

c.  S  g.     S  k.  P 

d.  P  h.     P  I.  S 

6.  a.  Distributor  cap 

b.  Rotor 

c.  Centrifugal  advance  mechanism 

d.  Condenser 

e.  Vacuum  advance  unit 

f.  Breaker  plate 

g.  Distributor  cam 

h.  Contact  points 

i.  Distributor  housing 
j.  Primary  lead  wire 

k.  Distributor  drive  gear 

7.  Discussion  should  include: 

a.  With  the  ignition  switch  on  and  the  contact  points  closed,  low  voltage 
current  flows  from  the  battery  through  the  primary  winding  of  the  coil 
and  through  the  contact  points  to  ground 

b.  The  flow  of  low  voltage  current  through  the  primary  windings  of  the  coil 
causes  a  magnetic  field  buildup 

c.  As  the  contact  points  open,  current  attempts  to  flow  across  the  point 
surfaces;  the  condenser  attached  to  the  points  absorbs  this  flow  of  current 

d.  Stopping  this  flow  of  current  causes  the  magnetic  field  of  the  coil  to  collapse 
across  the  secondary  coil  windings,  causing  a  high  voltage  surge 

e.  Th»s  high  voltage  surge  is  directed  from  the  secondary  windings  of  the  coil 
through  the  distributor  cap  ai.d  rotor  and  on  to  the  spark  plug  to  ground 
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Discussion  should  include: 

a.  Both  variations  designed  to  increase  orimary  voltage  to  coil  and  reduce 
voltage  to  points  or  eliminate  points 

b.  Transistorized  ignitions 

1)  Amplifier  included  in  circuit  between  points  and  ignition  coil 

2)  Transistors  allow  very  low  voltage  through. the  points  and  very 
high  voitage  to  the  primary  windings  in  coil 

c.  Capacitive  discharge  system 

1)  System  contains  special  ignition  distributor,  amplifier,  and  special 
coil 

2)  System  operates  to  charge  a  capacitor  to  a  high  voltage  which, 
on  signal  from  distributor,  is  then  discharged  through  the  primary 
windings  in  coil 

a.  Dual  ballast  resistor 

b.  Control  unit 

c.  Magnetic  pickup  assembly 

d.  Armature  or  reluctor 
Discussion  should  include: 

a.  Dual  ballast  resistor-Maintains  constant  primary  current  with  variations  in 
engine  speed 

b.  Magnetic  pickup  assembly-Sends  a  small  voltage  pulse  to  the  control  unit 
to  trigger  switching  transistor  to  stop  current  flow  in  the  coil  primary 
windings 

c.  Armature  or  reluctor-Rotates  with  the  distributor  shaft,  producing  a  voltage 
pulse  in  the  magnetic  pickup 

d.  Control  unit-Controls  the  flow  of  current  in  the  primary  windings  of  the 
ignition  coil  and  maintains  constant  dwell 

Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 
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GENERATOR  CHARGING  CIRCUITS 
UNIT  V 


UNIT  OBJECTIVE 


Ai;er  completion  of  this  unit,  the  student  should  be  able  to  state  the  purpose  of  the 
generator  charging  circuit  and  explain  the  operating  stages  of  the  charging  circuit.  The 
student  should  also  be  able  to  identify  the  components  of  a  generator  and  match  the 
components  to  the  correct  functions.  The  student  should  also  be  able  to  test,  disassemble. 
Inspect,  repair,  and  reassemble  a  generator.  This  knowledge  will  be  evidenced  through 
demonstration  and  by  scoring  eighty-five  percent  on  the  unit  test. 


SPECIFIC  OBJECTIVES 


After  completion  of  this  ufiit,  the'student  should  be  able  to; 

1.  Match  terms  associated  with  the  generator  charging  circuit  to  the  correct 
definitions. 

2.  State  the  purpose  of  the  generator  charging  circuit. 

3.  Name  two  kinds  of  charging  circuits. 

4.  Match  the  names  of  the  components  in  the  DC  charging  circuit  to  their 
functions. 

5.  Identify  the  major  parts  of  a  generator. 

6.  Explain  the  three  operating  stages  of  the  charging  circuit. 

7.  Explain  how  curr:vnt  flows  in  a  basic  generator. 

8.  Explain  how  the  field  circuit  is  created  in  the  generator. 

9.  Explain  how  tne  generator  converts  AC  to  DC  current. 

10.  Distinguish  between  an  "A"  generator  field  circuit  and  a  "B"  generator 
field  circuit. 

11.  Match  the  names  of  the  generator  regulator  components  to  the  correct 
functions. 

12.  Match  the  types  of  generators  to  their  uses. 

13.  Match  the  types  of  electrical  failure  to  their  causes. 

14.  Explain  how  reverse  polarity  in  a  DC  generator  can  damage  the  charging 
circuit. 
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15.       Demonstrate  the  ability  to: 

a.  Test  cenerator  output 

b.  Remove  and  replace  a  generator. 

c.  Disassemble,  test,  and  reassemble  a  generator. 

d.  Test  and  adiust  a  regulator  unit. 
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GENERATOR  CHARGING  CIRCUITS 
UNIT  V 

SUGGESTED  ACTIVITIES 

I.  Instructor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  information  and  job  sheets. 
C»    Make  transparencies. 

D.  Discuss  unit  and  specific  objectives. 

E.  Discuss  information  sheet. 

F.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

G.  Demonstrate  lathe  turning  of  commutation. 

H.  Give  test. 
IL  Student: 

A.    Read  objective  sheet. 
B»    Study  information  sheet. 

C.  Complete  job  sheets. 

D.  Take  test. 

INSTRUCTIONAL  MATERIALS 

I.    Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1.  TM  1 -Kinds  of  Charging  Circuits 

2.  TM  2-Parts  of  the  Generator 

3.  TM  3  -Stagp$  of  Charging  Circuit 

4»       TM  4--Current  Flow  in  Basic  Generator 
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5.  TM  5-AC  Converts  to  DC 

6.  TM  6-Extemal  Generator  Regulator  and  Cut-Out  Relays 

7.  TM  7-External  Generator  Regulator  and  Cut-Out  Relays  (Continued) 

8.  TM  8- Types  of  Generators 

D.  Job  sheets 

1.       Job  Sheet  #1-Test  Generator  Output 

Z       Job  Sheet  #2- Remove  ana  Replace  a  Generator 

3.  Job  Sheet  #3- Disassemble,  Test,  and  Reassemble  a  Generator 

4.  Job  Sheet  #4-Test  and  Adjust  a  Regulator  Unit 

E.  Test 

F.  Answers  to  test 
References: 

A.  Fundamentals  of  Service:  Electrical  Systems,  Moline,  Illinois:  Deere  and 
Company,  1972. 

B.  Stockel,   Martin   W.  Auto  Service  and  Repair.   Homewood,  Illinois: 
Goodheart-Willcox  Company,  1969. 

C.  Billiet,  Walter  E.,  and  Leslie  F.  Goings.  Automotive  Electrical  Systems,  Third 
Edition.  Chicago,  Illinois:  American  Technical  Society,  1970. 
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GENERATOR  CHARGING  CIRCUITS 
UNIT  V 


INFORMATION  SHEET 


Terms  and  definitions 

A.  Armature-Series  of  wire  conductors  in  tiie  form  of  a  loop,  rotating  in  a 
stationary  magnetic  field 

B.  Commutator-Bars  on  end  of  armature  drive  shaft  and  connected  to  the 
ends  of  each  wire  conductor 

C.  Pole  shoes-Permanent  magnets  that  are  fixed  to  the  inside  of  generator 
housing,  and  set  opposite  each  other  to  create  a  weak  magnetic  t^eld 

D.  Field  circuit-One  wire  conductor  wound  around  both  poles  many  times 
and  attached  to  the  brush 

E.  Rpguiator-An  assembly  which  houses  the  cut-out  relay,  voltage  regulator, 
and  current  regulator 

F.  Arcing-Current  attempting  to  cross  between  the  commutator  sections  and 
the  brush 

G.  Polarity-Direction  of  current  flow  through  the  generator 

H.  Open  circuit  Circuit  in  which  a  wire  is  broken  or  disconnected 

I.  Sh^rt  c.;'"^.'-  W'rj  touching  another  wire  and  providing  a  shorter  path  for 
current  to  ^'ow 

J.     Grounded  circuit -Circuit  in  w^'Ch  a  wire  touches  ground  causing  the  current 
to  flow  to  ground  instead  of  through  tne  ciicuit 

Purpose  of  the  generator  charging  circuit  -The  generator  charging  circuit  recharges 
the  battery  and  generates  current  during  operation  of  the  engine 

Kinds  of  charging  circuits  (Transparency  1) 

(NOTE:  3oth  circuits  generate  an  alternating  current,  but  differ  in  how  they 
rectify  the  alternating  current  to  direct  current.) 

A.    Direct  current 

(NOTE:  Direct  current  charging  circL'ts  are  associated  with  generator  type 
systems.) 
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INFORMATION  SHEET 

B.     Alternating  current 

(NOTE:  Alternating  current  charging  circuits  are  associated  with  alternator 
type  systems.) 

IV.  Components  of  the  DC  Ciiarging  circuit        their  functions  (Transparency  1) 

A.  Battery 

1.  Starts  the  circuit  by  supplying  spark  to  start  engine 

2.  Helps  out  during  peak  operation  when  electrical  loads  are  too 
much  for  generator  or  alternator 

3.  Stabilizes  voltage  in  system 

B.  Generator 

1.  Supplies  electrical  power  to  accessory  circuits 

2.  Recharges  battery 

C.  Regulator 

1.  Opens  and  closes  the  charging  circuit  (cut-out  relay) 

2.  Prevents  overcharging  of  battery  (voltage  regulator) 

3.  Limits  the  generator's  output  to  safe  rates  (current  regulator) 

D.  Ammeter  Measures  the  rate  of  current  flow 

E.  Voltmeter  Indicates  produced  voltage 

V.  Parts  of  a  generator  (Transparency  2) 

A.  Pulley 

B.  Fan 

C.  Drive  end  frame 

D.  Generator  housing 
F:  FTeia^coils 

F.  Commutator  IOQ^ 
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INFORMATION  SHEET 

G.  Thru  bolts 

H.  Brushes 

I.  Armature 

Vl.    Operating  stages  of  charging  circuit  (Transparency  3) 

A.  Starting-Battery  supplies  all  load  current 

B.  Peak  operation-Battery  helps  generator  supply  current 

C.  Normal  operation-Generator  supplies  all  current  and  recharges  battery 
VII.    Current  flow  in  basic  generator  (Transparency  4) 

(NOTE:  The  armature  rotates  through  the  magnetic  field  of  the  poles  generating 
voltage.) 

A.  Current  flows  from  armature  loop  to  the  commutator  ring 

(NOTE:  The  left  end  of  the  armature  loop  is  positive  while  the  right  end 
is  negative.) 

B.  Current  flows  from  the  commutator  ring  through  brushes  to  a  wire 
connected  to  a  load 

C.  Current  flows  when  circuit  is  complete 

VIII.    Field  circuit  wiring- Wire  conductors  are  wound  around  the  magnets  (magnetic 
poles)  and  connected  to  the  brushes  to  strengthen  the  field  (Transparency  4) 

IX.  AC  converted  to  DC  current  (Transparency  5) 

A.  The  commutator  is  split  in  two  parts  creating  a  gap  as  the  commutator 
passes  the  brushes 

(NOTE:  This  is  called  the  static  neutral  point  where  no  voltage  is  created.) 

B.  Past  this  point  the  other  half  of  the  commutator  contacts  the  brushes 
reversing  the  current  flow 

C.  At  the  same  time  the  rotating  armature  reverses  its  polarity  converting  AC 
to  DC 

X.  ".A"  and  "B"  generator  field  circuits 

A.    "A"  generator  field  circuit-Current  flows  from  the  armature  circt  /t  through 
the  field  to  the  regulator,  then  to  ground 
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INFORMATION  SHEET 


B.  "B"  generator  tield  circuit-Current  flows  from  the  regulator  through  the 
field  coils  to  ground 

(NOTE:  "B"  circuits  are  seldom  used  in  farm  and  industrial  machines.) 
XI.    Functions  of  the  generator  regulator  components  (Transparencies  6  and  7) 

A.  Cut-out  relay--An  automatic  switch  which  closes  when  generator  is  running 
for  battery  charging  and  opens  when  generator  stops  to  prevent  battery 
discharge 

B.  Voltage  regulator-Controls  the  amount  of  voltage  the  regulator  produces 
through  a  shunt  coil  and  contact  points  controlling  the  strength  of  the 
magnetic  field;  prevents  overheating 

C.  Current  regulator-Controls  the  current  flow  similar  to  the  voltage  regulator 

(NOTE:  Both  the  voltage  regulator  and  the  current  regulator  are  used  but 
while  one  is  working  the  other  is  not.) 

M.    Types  and  uses  of  generators  (Transparency  8) 

A.  Shunt'-Used  as  a  standard  generator  for  most  normal  operations 

B.  Third  brush-Eliminates  the  use  of  a  current  regulator,  is  relatively  easy 
to  change  third  brush  position  and  control  the  output,  and  is  used  in  systems 
with  low  speed  and  low  load  requirements 

C.  Interpole  -Provides  a  better  commutation  point  and  extends  brush 

D.  Bucking  field-Used  where  there  is  a  wide  variation  of  lord  and  speed 
requirements 

E.  Split  field-Used  in  systems  with  low  speed,  but  high  load  requirements 
XIII.    Types  and  cause  of  electrical  failure 

A.  Short  circuits-  Unwanted  connections,  usually  copper-to-copper,  that  allow 
current  to  bypass  all  or  part  of  the  circuit 

B.  Open  circuits  Breaks  in  the  circuit  which  cause  extremely  high  resistance 
(NOTE:  UsuaiJy  no  current  yvill  flow  through  an  open  circuit.) 
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C.  Grounded  circuits -Unwanted  connections  that  bypass  all  or  part  of  the 
circuit  from  the  insulated  side  to  the  grounded  side 

(NOTE:  A  grounded  circuit  is  usually  a  copper-to  iron  connection.) 

D.  High  resistance  circuits-  Usually  caused  by  poor  or  corroded  connections 
and  frayed  or  damaged  wires,  creating  greater  resistance  in  the  circuit 

XIV.    Reverse  polarity 

A.  Generator  polarity  is  opposite  that  of  the  battery 

B.  Battery  is  in  series  with  the  generator 

C.  Generator  builds  up  voltage  and  closes  the  cut-out  relay  points 

D.  High  voltage  can  create  enough  current  and  heat  to  weld  the  points  together 

(CAUTION:  After  any  service  polarize  the  DC  generator.) 

(NOTE:  Pole  shoe  polarity  is  determined  by  the  magnetism  of  the  fu\d 
coilc  the  last  time  current  passed  through  the  coils;  a  slight  current  through 
the  field  coils  when  servicing  can  accidentally  change  poie  polarity.) 
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Kinds  Of 


Ammeter 


Voltmeter 


Regulator 


Battery 


GENERATOR 
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Circuits 


ALTERNATOR 
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Parts  of  the  Generator 


Field  Coils 


Generator  Housing 


Brushes 


'hru  Bolt 


Commutator 


Pulled 


Drive  End  Frame 
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Stages  Of  Charging  Circuit 


BAHERY  SUPPLYING  LOAD  CURRENT 


11^ 

•Battery 


Generator 


1 


4 


1 


generator  and  bahery 
supplying  load  current 

 Hi — ► 


I 


Batter^! 

3 


GENERATOR  SUPPLYING  LOAD 
CURRENT  AND  CHARGING  BAHERY 
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Current'  Flow  In  Basic  Generator 


Field  Circuit 


Magnetic  Poles 


Field  Circuit 


COMPLETE  PARTS  OF  BASIC  GENERATORS 

Direction  Of  Rotation 


^  »  Magnetic^ 
Direction  Of  Field 
Current  Flow 

BASIC  GENERATED  VOLTAGE 


Armature 
(Rotating  Wire  Loop) 

THE  BASIC  PARTS  OF  A  GENERATOR 


Brush 


Conrimutator 


Load 


Circuit  Wires 


BASIC  CURRENT  FLOW  IN  GENERATOR 
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AC 


First  Half 
Of  Revolution 


Second  Half 
Of  Revolution 


OW  THE  POLARITY  OF  THE  ARMATURE 
CHANGES  DURING  EACH  REVOLUTION 


To  DC 


At  Static  "Neutral  Point" 
No  Voltage  Is  Generated 


Gaps  Between 
Commutator 
Halves 


■AA/WV- 


HOW  GENERATOR  CONVERTS 
A.C.  TO  D.C.  CURRENT 
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External  Generator  Regulator  And  Cut-Out  Relay 


erJc 


CUTOUT  RELAY 
lOiG 


External  Generator  Regulator  And  Cut-Out  Relay 


(Continued) 

Cutout  Relay      Current  Regulator 


Generator 
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Types  Of  Generators 


BUCKING  FIELD  IMTERPOLE 
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GENERATOR  CHARGING  CIRCUITS 
UNIT  V 

JOB  SHEET  #1"TEST  GENERATOR  OUTPUT 

Tools  and  materials 

A.  Basic  hand  tool  set 

B.  Switch 

C  Ammeter 

D.  Voltmeter 

E.  Carbon  pile 

F.  Jumper  leads 

G.  Generator  specifications  manual 

H.  Safety  glasses 
Procedure 

A.    Connect  an  ammeter  and  switch  in  series  with  a  battery  to  the  generator 
output  terminal  (Figure  1) 

FIGURE  1  Carbon  Pile  Resistor 


TESTING  THE  GENERATOR  OUTPUT 


B.  Connect  a  voltmeter  from  the  generator  output  terminal  to  ground  (Figure 

C.  Connect  a  carbon  pile  across  the  battery  (Figure  1) 

D.  Connect  a  jumper  lead  to  the  generator  field  terminal  (Figure  1) 

E.  Operate  the  generator  to  obta.m  battery  voltage  and  close  the  switch 

F.  Speed  up  the  generator  to  its  rated  value,  and  adjust  the  carbon  pile  to 
obtain  the  specified  voltage 
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G.  Compare  the  current  output  with  the  generator  specifications 

H.  If  the  generator  output  is  below  par,  disassemble  it  for  further  testing 

(NOTE:  The  output  test  shown  in  Figure  1  is  for  the  common  "A"  circuit 
generator.  For  "B"  circuit  models,  a  different  test  hookup  is  used.) 
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GENERATOR  CHARGING  CIRCUITS 
UNIT  V 


JOB  SHEET  #2"REM0VE  AND  REPLACE  A  GENERATOR 

L    Tools  and  materials 

A.  Basic  hand  tool  set 

B.  Belt  tension  gauge 

C.  Battery  cable  puller 

D.  Shop  towelfi 

E.  Safety  glasses 
II.  Procedure 

(NOTE:  Always  disconnect  batte-^  cable  before  working  on  charging  circuits.) 
A.    Remove  the  leads  from  titS  generator  terminals  (Figure  1) 


FIGURE  1 


B.    Remove  the  generator  beit  adjusting  bolt  from  the  generator 
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Move  the  generator     ward  the  engine  (Figure  2) 


FIGURE  2 


D. 
E. 


F. 

G. 

H. 

I. 

J. 

K. 


Remove  the  generator  belt  from  the  generator  pulley 

Remove  the  bolts  holding  the  generator  to  the  engine  mounting  bracket 
(Figure  3) 


Lift  the  generator  out  of  the  bracket 
Service  the  generator  as  required 

Replace  by  positioning  the  generator  in  the  engine  mounting  bracket 

Start  generator  retaining  bolts  and  tighten  securely 

Position  generator  belt  on  pulley  and  move  generator  away  from  engine 
to  tighten  belt 

Install  generator  adjusting  bolt 
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L    Pry  the  general    away  from  engine  to  adjust  generator  belt  and  tighten 
adjustment  bolt 

M.    Check  generator  belt  tension  with  a  belt  tension  gauge  and  adjust  to 
manufacturer's  specifications  (Figure  4) 


FIGURE  4 


CHECK  BELT  FOR  TIGHTNESS 


N.    Install  wire  leads  that  were  removed  from  generator 


(NOTE:  On  installations  using  the  condenser  on  generator,  the  condenser 
lead  is  attached  to  the  "A"  terminal,  never  the  "F"  terminal.) 
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0.    Before  starting  engine,  polarize  the  generator 

1.,  Polarize  negative  grounded  circuit  generators  by  holding  one  end 
of  a  junnper  wire  against  the  regulator  BAT  terminal,  and  scratch 
the  other  end  of  the  jumper  wire  on  the  regulator  GEN  terminals 
(Figure  5) 


FIGURE  5 


Jumper  Wire 


bgfx 


"A"  CIRCUIT 


2.  Polarize  positive  grounded  circuit  generators  by  removing  the  lead 
from  the  FIELD  terminal  of  the  regulator  and  strike  (or 
momentarily  touch)  the  F-lead  to  the  BAT  terminal  of  the 
regulator  (Figure  6) 


FIGURE  6 


"B"  CIRCUIT 
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GENERATOR  CHARGING  CIRCUITS 
UNIT  V 


JOB  SHEET  #3--DISASSFMBLE,  TEST,  AND  REASSEMBLE  A  GENERATOR 


I.    Tools  and  materials 


A. 

Basic  hand  tool  set 

B. 

Growler 

C. 

Test  lamp  or  volt-ohmmeter 

D. 

Generator  pulley  puller 

E. 

Ball  bearing  grease 

F. 

Hacksaw  blade 

G. 

Spring  tension  gauge 

H. 

Shop  towels 

1. 

Eye  protection 

Procedure 

A. 

Disassemble  generator 

(NOTE:  Scribe  generator  case  before  separating.) 
1.       Remove  generator  thru  bolts  (Figure  1) 


JOB  SHEET  #3 


2.  Lightly  tap  the  generator  commutator  end  frame  and  remove  from 
housing 

3.  Remove  the  drive  end  frame  and  armature  assembly  from  the 
generator  housing  (Figure  2) 

FIGURE  2 


REMOVE  DRIVE  END  FRAME  AND  ARMATURE  ASSEMBLY 


4.       Remove  the  generator  brushes  (Figure  3) 
FIGURE  3 


REMOVE  BRUSHES 
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5.       Place  the  armature  and  drive  end  frame  assembly  in  a  vise  (Figure 
4) 

(NOTE:  Use  brass  jaws  on  vise.) 


REMOVE  PULLEY  NUT 


6.  Remove  the  pulley  nut 

7.  Remove  the  pulley  from  the  armature  using  a  pulley  puller  as- 
required  (Figure  5) 


FIGURE  5 
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8.  Slide  the  drive  end  frame  and  spacer  columns  off  armature  shaft 

9.  Remove  armature  from  vise 

10.  Remove  bearing  retainer  and  gasket  from  drive  end  frame 

11.  Remove  drive  end  bearing  from  drive  end  frame 
B.    Service  and  test 

1.  Clean  all  generator  components 

(NOTE:  Do  not  wash  the  fields  or  armature  with  a  degreasing 
solvent.) 

2.  Inspect  generator  drive  end  frame  bearings  for  roughness  or  scored 
races 

3.  Inspect  generator  brush  holders  to  see  if  they  are  bent  or 
deformed;  check  generator  brush  springs  for  proper  spring  tension 

4.  Cheui,  fit  of  armature  shaft  in  bushing  in  commutator  end  frame 

(NOTE:  If  bushing  is  excessively  worn,  the  end  frame  should  be 
replaced.) 

5.  Inspect  armature  commutator  for  roughness  or  out-of-round 

(NOTE:  If  armature  commutator  is  rough  or  out-of-round,  it 
should  be  turned  or  serviced  on  an  armature  turning  lathe.) 

6.  Test  arr.iature  for  shorts  (Figure  6) 

a.  Place  the  armature  on  a  growler  and  turn  on 

b.  Rotate  the  armature  while  holding  a  hacksaw  blade  over  the 
armature  core 

(NOTE:  If  the  blade  vibrates,  the  armature  is  shorted  and 
will  require  replacement.) 
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FIGURE  6 


ARMATURE  TEST  FOR  SHORTS 


7.       Test  armature  for  ground  (Figure  7) 

a.  Place  one  lead  of  a  test  lamp  on  the  armature  core  or  shaft 

b.  Touch  second  lead  to  the  commutator  segments  on  the 
commutator 

c.  Rotate  the  lead  around  the  commutator,  being  certain  to 
touch  all  segments 

(NOTE:  If  the  lamp  lights,  the  armature  is  grounded  and  will 
require  replacement.) 


ARMATURE  TEST  FOR  GROUND 

8.       Test  armature  for  open 

a.     Place  one  lead  on  a  commutator  segment 


FIGURE  7 
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b.  Place  the  other  lead  on  the  segment  common  with  it 

(NOTE:  On  a  two  brush  generator  they  will  be  180''  apart, 
on  a  three  brush  they'll  be  120''  apart.  The  light  should  burn 
between  these  common  segments. 

c.  Proceed  around  commutator  until  all  segments  have  been 
checked 

9.       Test  field  coil  for  open  circuit  (Figure  8) 

a.  Place  one  lead  of  a  test  lamp  on  field  terminal 

b.  Place  the  other  lead  on  the  end  of  the  field  coil  lead  through 
the  armature  terminal 

(NOTE:  If  lamp  does  not  light,  the  fields  are  open  and  must 
be  replaced.) 


10.       Test  field  coil  for  ground  (A  circuit  only)  (Figure  9) 

a.  Place  one  lead  of  a  test  lamp  on  generator  housing 

b.  Place  the  other  lead  on  field  terminal 

(NOTE:  If  lamp  lights,  the  field  coils  are  grounded  and  must 
be  repaired  or  replaced.) 
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11.       Check  insulated  brush  holder  for  ground  (Figure  10) 

a.  ^lace  one  lead  of  a  test  lamp  on  brush  holder 

b.  Place  the  other  lead  on  the  generator  housing 

(NOTE:  If  lamp  lights,  insulated  brush  «s  grounded  and  must 
be  repaired.) 


FIGURE  10 


INSULATED  BRUSH  HOLDER  TEST  FOR  GROUND 

12.  Inspect  all  parts  for  wear  or  damage 

13.  Replace  all  danraged  or  worn  parts 
Reassemble  generator 

1.  Pack  the  generator  ball  bearings  with  high  melting  point  ball 
bearing  grease 

2.  Install  thfi  bal!  bearing  in  the  drive  end  frame 

(NOTE:  Make  sure  gasket  is  in  place  and  retainer  screws  tightened 
securely.) 

3.  Install  the  drive  end  frame  and  bearing  assembly  onto  armature 
shaft 

(NOTE:  Make  sure  ball  bearing  spacers  are  in  place  if  used.) 
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4.  Install  ball  bearing  spacers,  fan,  pulley,  and  retaininc)  nut 

5.  Tighten  retaining  nut  securely 

6.  Install  new  brushes  in  brush  holders  and  push  brushes  back  against 
spring  tension  (Figure  11) 

(NOTE:  If  brushes  are  over  1/2  of  original  length  they  can  be 
reused.) 

FIGURE  11 


PUSH  BRUSHES  BACK  AGAINST  SPRING 

7.  Install  armature  and  drive  end  frame  assembly  into  generator 
housing 

8.  Release  brushes  so  they  will  contact  commutator 

9.  Assemble  commutator  end  frame  over  end  of  armature  shaft 

10.  Rotate  both  end  frames  until  dowels  engage,  then  Scdrt  thru  bolts 

11.  Tighten  thru  bolts  securely 

12.  Check  generator  operation  before  replacing  on  vehicle 
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GENERATOR  CHARGING  CIRCUITS 
UNIT  V 


JOB  SHEET  #4"TEST  AND  ADJUST  A  REGULATOR  UNIT 

L    Tools  and  materials 

A.  Basic  hand  tool  set 

B.  Air  gap  gauge 

C.  Technical  manual  for  regulator 

D.  1/4  ohm  fixed  resistor 

E.  Voltmeter 

F.  Variable  resistor 

G.  Safety  glasses 
II.  Procedure 

A.    Test  and  adjust  voltage  regulator 
1.       Measure  air  gap 

a)  Push  down  on  the  armature  until  points  are  just  touching 

b)  MeabwTe  the  gap  between  the  armature  and  the  core  with 
proper  size  gauge  as  specified  by  the  technical  manual 

c)  Adjust  gap  as  specified  by  technical  manual  (Figure  1) 

(NOTE:  On  some  regulators,  a  screw  post  at  the  top  of  the 
unit  is  adjusted  to  lengthen  or  shorten  the  distance)  Figure 
1) 


Voltage  Regulator 


Turn  Contact  Support 
Nut  To  Set  Air  Gap 


Proper  Size 
Gauge 


STANDARi  ;LTAGE 
REGULm.OR 


FIGURE  1 


Air  Gap 
(Check  With 
Points  Just 
Touching) 


POST-TYPE  VOLTAGE  REGULATOR 
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Test  voltoge  setting 

a.     Test  using  fixed  resistance  methcxi 

1)       Insert  a  1/4-ohm  fixed  resistor  into  the  charging 
circuit  at  the  battery  terminal,  (Figure  2) 


1/4  Ohm  Fixed  Resistance 


Connect  To 
Ground 

To  Battery-^ 


Voltmeter  Generator 
FIXED  RESISTANCE  METHOD 


2)  Connect  a  voltmeter  from  the  battery  terminal  to 
ground 

3)  Operate  the  circuit  for  lb  minutes  at  specified 
speed  to  warm  it  up 

4)  Cycle  the  generator  by  one  of  two  methods: 

a)  Slow  it  down  until  voltage  drops  to  about  1/4 
of  rated  value 

b)  Cycle  the  generator  by  inserting  a  variable 
resistance  into  the  field  circuit 

5)  Slowly  increase  resistance  until  voltage  drops  to 
about  1/4  of  rated  value 

6)  Decrease  the  resistance  and  note  the  voltage 
reading 
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7)       Adjust  the  voltage  setting  by  turning  the  adjusting 
screw  (Figure  3) 


Adjusting  Screw 
(Turn  To  Adjust 
Setting) 


VOLTAGE  SETTING  ADJUSTMENT 

(NOTE:  If  the  adjusting  screw  is  turned  to  its 
limits,  it  may  be  necessary  to  bend  the  spring 
support.  However,  do  this  very  carefully.) 

8)  Make  final  adjustment  by  increasing  the  spring 
tension 

(NOTE:  If  the  setting  is  too  high,  adjust  the  unit 
beiow  the  specified  value  and  then  bring  it  back 
to  this  value  by  increasing  the  spring  tension.) 

9)  After  each  adjustment  and  before  taking  a  reading, 
replace  the  cover  and  cycle  the  generator 

Test  using  variable  resistance  method 

1)  Connect  a  variable  resistor  and  an  ammeter  into 
the  charging  circuit  at  the  battery  terminal  (Figure 
4) 
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Ammeter    VoltiTieter  Generator 
VARIABLE  RESISTANCE  METHOD 
Checking  The  Voltage  Setting  Of  Voltage  Regulator 


2)  Connect  a  voltmeter  from  the  battery  terminal  to 
ground 

3)  Start  generator  and  adjust  resistor  to  get  a  current 
flow  of  not  more  than  10  ampere's 

4)  Ope. ate  the  generator  at  specified  speed  to  warm 
it  up 

5)  Cycle  the  generator  as  in  a4)  above 

6)  Adjust  the  voltage  as  in  a5)  above 
Test  and  adjust  cut-out  relay 

1.       Check  air  gap 

a.  Disconnect  battery  from  regulator 

b.  Push  the  cut-out  armature  down  until  the  points  are  just 
touching 
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c.     Measure  the  air  gap  between  the  armature  and  the  center 
of  the  core  using  a  feeler  gauge  (Figure  5) 


AIR  GAP  ADJUSTMENT  OF  CUTOUT  RELAY 

d.  Adjust  the  air  gap 

e.  Raise  or  lower  the  armature  as  needed  and  make  sure  the 
points  are  aligned 

f.  Tighten  the  screws  after  adjustment 

Check  point  opening  and  adjust  by  bending  the  armature  stop 
with  a  tool  (Figure  6) 


POINT  OPENING  CHECK 
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3.       Check  closing  voltage 

a.     Connect  voltmeter  between  the  generator  terminal  and 
ground  (Figure  7) 


VOLTAGE  OF  CUTOUT  RELAY       Voltmeter  Generator 

b.  Slowly  increase  the  generator  speed  and  note  the  relay 
closing  voltage 

c.  Decrease  the  speed  and  make  sure  the  points  open  before 
specified  current  flow  is  exceeded  (with  the  battery 
connected) 
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d.    Adjust  the  closing  voltage  (Figure  8) 


Adjusting  Screw 
(Turn  To  Adjust 
Closing  Voltage) 


FIGURE  8 


ADJUSTING  CLOSING  VOLTAGE  OF  CUTOUT  RELAY 

e.     Turn  the  screw  clockwise  to  increase  setting 
C.    Test  current  regulator 

1.  Test  and  adjust  air  gap  as  in  B.I.,  voltage  regulator  above 

2.  Check  curient  setting 

(NOTE:  Most  current  regulators  have  a  temperature 
compensation.  For  these  units,  make  the  following  test  by  the 
"load  method.") 


REGULATOR  Ammeter       To  Battery  Voltmeter 


1032 


246-F 


JOB  SHEET  #4 


b.  Turn  on  all  accessories  and  connect  an  additional  load  across 
the  battery  (such  as  a  bank  of  lights)  to  drop  the  system 
voltage  about  1  volt  below  the  voltage  regulator  setting 

c.  Operate  the  generator  at  specified  speed  to  warm  it  up 

d.  Cycle  the  generator  and  note  the  current  setting 

e.  Adjust  the  setting  in  the  same  way  as  for  voltage  setting 
(Figure  3) 

(NOTE:  Before  slowing  down  the  generator,  be  sure  to 
remove  the  extra  load.  This  will  prevent  overloading  of  the 
wiring.) 


D.    Clean  contact  points 

1.       Remove  upper  contact  support  (Figure  10) 


CLEANING  THE  REGULATOR  CONTACT  POINTS 

2.       Clean  the  points  with  a  riffler  file  or  crocus  cloth  and  then  wash 

.(NOTE:  Never  use  emery  cloth  or  sandpaper  to  clean  the  contact 
points.  However,  No.  400  grit  silicone  c»irbide  paper  or  cloth  may 
be  used.) 


Nylon  Support 
Nuts 


FIGURE  10 


Upper  Contoct 
Support 
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GENERATOR  CHARGING  CIRCUITS 
UNT  V 


TEST 


NAME 


Match  the  terms  on  the  right  to  the  correct  definilions. 


a.  Series  of  wire  conductors  in  the  form  of 
a  loop,  rotating  in  a  stationary  magnetic 
field 


b.  Bars  on  end  of  armature  drive  shaft  and 
connected  to  the  ends  of  each  wire 
conductor 

c.  Permanent  magnets  that  are  fixed  to  the 
inside  of  generator  housing,  and  set 
opposite  each  other  to  create  a  weak 
magnetic  field 

d.  One  wire  conductor  wound  around  both 
polos  many  times  anc  attached  to  the 
brush 

e.  An  assembly  which  houses  the  cut-out 
relay,  voltage  regulator,  and  current 
regulator 

f.  Current  attempting  to  cross  between  the 
commutator  sections  and  the  brush 

g.  Direction  of  cut  rent  flow  through  the 
generator 

h.  Circuit  in  which  a  wire  is  broken  or 
disconnected 

i.  Wire  touching  another  wire  and 
providing  a  sliorter  path  for  current  to 
flow 

j»  Circuit  in  which  a  wire  touches  ground 
causing  the  current  to  flow  to  ground 
instead  of  through  the  circuit 


1. 

Arcing 

2. 

Pole  shoes 

3. 

Field 

circuit 

4. 

Regulator 

5. 

Armature 

6. 

Commutator 

7. 

Polarity 

8. 

Open  circuit 

9. 

Grounded 

circuit 

10. 

Short  circuit 

State  the  purpose  of  the  generator  cnarging  circuit. 


Name  two  kinds  of  charging  circuits. 

a. 

b. 
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4.       Match  t5ie  names  of  the  'Components  in  the  DC  charging  circuit  on  the  right 
to  their  correct  functions. 


_a.  Starts  the  circuit  by  supplying  spark  to 
start  engine 

_b.  Measures  the  rate  of  current  flow 


^c.  Supplies  electrical  power  to  accessory 
circuits 

d.  Prevents  overcharging  of  battery  (voltage 
regulator) 

_e.  Opens  and  closes  the  charging  circuit 
(cut-out  relay) 

_f.  Indicates  produced  voltage 

_g.  Urtiits  the  generator's  output  to  safe 
rates  (current  regulator) 

_h.  Helps  out  during  peak  operation  when 
electrical  loads  are  too  much  for 
generator  or  alternator 

i.    Recharges  battery 


Identify  the  major  parts  of  a  ge'^erator. 

a.  

b. 


c. 
d. 


9- 
h. 


1, 
2. 
3- 
4. 
5. 


Ammeter 

Generator 

Regulator 

Battery 

Voltmeter 
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Explain  three  operating  stages  of  the  charging  circuit, 
a.  Starting- 


b.  Peak  operation- 

c.  Normal  operation- 
Explain  how  current  flows  in  a  basic  generator, 
a. 

b. 
c. 

Explain  how  the  field  circuit  is  created  in  the  generator. 


Explain  how  the  generator  converts  AC  to  DC  current, 
a. 

b. 

c. 
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Distinguish  between  an  "A"  generator  field  circuit  and  a  "B"  generator  circuit 
by  placing  an  "X"  next  to  the  description  of  an  "A"  generator  field  circuit. 

 a.  Current  flows  fro^n  the  regulator  through  the  field  coils  to  ground 

 b.  Current  flows  from  the  armature  circuit  through  the  field  to  the 

regulator,  then  to  ground 

Match  the  names  of  the  generator  regulator  components  on  the  right  to  their 
correct  functions. 


a.  An  automatic  switch  which  closes  when 
generator  is  running  for  battery  charging 
and  opens  when  generator  stops  to 
prevent  battery  discharge 

b.  Controls  the  amount  of  voltage  the 
regulator  produces  through  a  shunt  coil 
and  contact  points  controlling  the 
strength  of  the  magnetic  field;  prevents 
overheating 


_c.  Controls  the  current  flow  similar  to  the 
voltage  regulator 


1. 
2. 
3. 


Match  the  types  of  generators  on  the  right  to  theirXuses. 

1. 


a.  Used  as  a  standard  generator  for  most 
normal  operations 

_b.  Eliminates  the  use  of  a  current  regulator, 
is  relatively  easy  to  change  third  brush 
position  and  control  the  output,  and  is 
used  in  systems  with  low  speed  aid  low 
load  requirements 

_c.  Provides  a  better  comr^utation  point  and 
extends  brush  life 

d.  Used  where  there  is  a  wide  variation  of 
load  and  speed  requirements 

_e..  Used  in  systems  wich  low  speed,  but  high 
load  reauirements 


2. 
3. 
4. 
5. 


Voltage 
regulator 

Current 
regulator 

Cutout 
relay 


Split  field 

Interpole 

Third  brush 

Shunt 

Bucking 
field 


Match  the  types  of  electrical  failure  on  the  right  to  their  causes. 

 a.  Unwanted       connections,  usually 

copper-to-copper,  that  allow  current  to 
bypass  all  or  part  of  thfi  circuit 
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_b.  Breaks  in  the  circuit  which  cause 
extremely  high  resistance 

^c.  Unwanted  connections  that  bypass  all  or 
part  of  the  circuit  from  the  insulated 
side  to  the  grounded  side 

d.  Usually  caused  by  poor  or  corroded 
connections  and  frayed  or  damaged 
wires,  creating  greater  resistance  in  the 
circuit 


1.  Open  circuits 

2.  Grounded 
circuits 

3.  High  resistance 
circuits 

4.  Short  circuits 


14.       Explain  how  reverse  polarity  in  a  DC  ger.^erator  can  damage  the  charging  circuit. 


15.       Demonstrate  the  ability  to: 

a.  Test  generator  output. 

b.  Remove  and  replace  a  generator. 

c.  Disassemble,  test,  and  reassemble  a  generator. 

d.  Test  and  adjust  a  regulator  unit. 

(NOTE:  If  these  activities  have  not  been  accomplished  orior  to  the  test,  ask 
your  instructor  when  they  should  be  completed.) 
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GENERATOR  CHARGING  CIRCUITS 
UNIT  V 


ANSWERS  TO  TEST 


1.  a.  5  f.  1 

b.  6  g.  7 

c.  2  h.  8 

d.  3  i.  10 

e.  4  j.  9 

2.  The  generator  charging  circuit  recharges  the  batterv  and  generates  current  during 
operation  of  the  engine 

3.  a.  Direct  current 

b.  Miternating  current 

4.  a.  .4  f.  5 

b.  1  g.  3 

c.  2  h.  4 

d.  3  i.  2 

e.  3 

5.  a.  Pulley 

b.  Fan 

c.  Drive  end  frame 

d.  Generator  housing 

e.  Field  coils 

f.  Commutator 

g.  Thru  bolts 

h.  Brushes 

i.  Armature 
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9.  a. 
b. 
c. 

10.  b 

11.  a. 
b. 

12.  a. 
b. 
c. 

d. 
e. 

13.  a. 
b. 
c. 
d. 


Starting-  Battery  supplies  all  load  current 

Peak  operation-Batterv  helps  generator  supply  current 

Normal  operation-Generator  supplies  all  current  and  recharges  battery 

Current  flows  from  armature  loop  to  t,,d  commutator  ring 

Current  flows  from  the  commutator  ring  through  brushes  to  a  wire 
connected  to  a  load 

Current  flows  when  circuit  is  complete 

conductors  are  wound  around  the  magnets  (magnetic  poles)  and  connected 
ie  brushes  to  strengthen  the  field 

The  commutator  is  split  in  two  parts  creating  a  gap  as  the  commutator 
passes  the  brushes 

Past  this  point  the  other  half  of  the  commutator  contacts  the  brushes 
reversing  the  current  flow 

At  the  same  time  the  rotating  armature  reverses  its  polarity  converting  AC 


to  DC 

3 
1 
2 
4 
3 
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14.  a.     Generator  polarity  is  opposite  that  of  the  battery 

b.  Battery  is  in  series  with  the  generator 

c.  Generator  builds  up  voltage  and  closes  the  cut-out  relay  points 

d.  High  voltage  can  create  enough  current  and  heat  to  weld  the  points  together 

15.  Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 


104. 


D  -  257-F 


ALTERNATOR  CHARGING  CIRCUITS 
UN!T  VI 

UNIT  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  state  the  purpose  of  the 
alternator  charging  circuit  and  explain  the  differences  between  an  alternator  and  generator. 
The  student  should  be  able  to  identify  the  components  of  an  alternator,  match  the 
component  to  the  correct  function,  and  test,  disassemble,  inspect,  repair,  and  reassemble 
on  alternator.  This  knowledge  will  be  evidenced  through  demonstration  and  by  scoring 
eighty-five  percent  on  the  unit  test. 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  the  alternator  charging  circuit  to  the  correct 
definitions. 

2. :       State  the  purpose  of  the  alternator  charging  circuit. 

3.  Match  the  nan.js  of  the  alternator  charging  circuit  components  to  the 
correct  functions. 

4.  Identify  thr  major  parts  of  an  alternator. 

5.  Explain  the  differences  between  an  alternator  and  a  generator. 

6.  List  two  advantages  of  an  alternator  as  opposed  to  a  generator. 

7.  Explain  why  the  alternator  produces  more  current  at  low  speed  than  a 
generator. 

8.  Discuss  the  construction  of  the  stator  windings. 

9.  Discuss  how  the  alternator  is  controlled  by  the  regulator. 

10.  Match  the  component  parts  of  a  transistorized  regulator  to  the  correct 
functions. 

11.  Discuss  the  operation  of  the  transistorized  regulator. 

12.  List  safety  rules  for  working  with  alternator  charging  circuits. 

13.  Demonstrate  the  ability  to: 

a.  Test  the  alternator  charging  circuit  and  regulator. 

b.  Rei.'^ove  and  replace  an  alternator. 

c.  Disassemble,  test,  and  reassemble  an  alternator. 

d.  Test  and  repair  a  transistorized  regulato.'. 
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ALTERNATOR  CHARGING  CIRCUITS 
UNIT  VI 

SUGGESTED  ACTIVITIES 

I.  Instructor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  information  and  job  sheets. 

C.  Make  transparencies. 

D.  Discuss  unit  and  specific  objectives. 

E.  Discuss  information  sheet. 

F.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

G.  Demonstrate  diode  removal  procedure. 

H.  Give  test. 

II.  Student: 

A.  Read  objective  sheet. 

B.  Study  information  sheet. 

C.  Complete  job  sheats. 

D.  Take  test. 

INSTRUCTIONAL  MATERiALS 

I.    Included  in  thi  jnit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1.  TM  1  "Alternator  Charging  Circuit  Components 

2.  TM  2-Alternator  Circuit  Schematic 

3.  TM  3-Parts  of  the  Alternator 

4.  TM  4--Differences  in  Alternator  and  Generator 

5.  TM  5--Stator  Winding  Construction 
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D.  Job  sheets 

1.  Job  Sheet  #l"Test  the  Alternator  Charging  Circuit  and  Regulator 

2.  Job  Sheet  #2-Remove  and  Replace  an  Alternator 

3.  Job  Sheet  #3"Disassemble,  Test,  and  Reassemble  an  Alternator 

4.  Job  Sheet  #4-Test  and  Repair  a  Transistorized  Regulator 

E.  Test 

F.  Answers  to  test 
References: 

A.  Fundamentals  of  Service:  Electrical  Systems.  Moline,  Illinois:  Deere  and 
Company,  1972. 

B.  Stockel,   Martin  W.  Auto  Service  and  Repair   Homewood,  Illinois: 
Goodheart-Willcox  Company,  1969. 

C.  Billiet,  Walter  E.,  and  Leslie  F.  Goings.  Automotive  Electrical  Systems.  Third 
Edition.  Chicago,  Illinois:  American  Technical  Society,  1970. 

D.  Toboldt,  William   K,,  and  Puruis,  Jud.  H^otor  Services  Automotive 
Encycfbpedia.  Homewood,  Illinois:  Goodheart-Willcox  Company,  1965. 
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ALTERNATOR  CHARGING  CIRCUITS 
UNIT  VI 


INFORMATION  SHEET 


I.    Terms  and  definitions 

A.  Rotor-Wire  coil  wrapped  around  an  iron  core  and  mounted  on  a  rotating 
shaft 

(NOTE:  The  rotor  assembly  does  the  same  job  for  the  alternator  as  the 
field  coil  and  pole  shoe  do  for  the  generator;  however,  the  rotor  assembly 
nivolves.) 

B.  Stator- Laminated  soft  iron  ring  with  three  groups  of  coils 

(NOTE:  The  stator  assembly  does  the  same  job  as  the  armature  in  a 
generator;  however,  the  stator  is  fixed  while  the  armature  turns.) 

C.  Diode-D^jvicc  that  allows  current  to  flow  in  one  direction  and  blocks  current 
in  opposite  direction 

D.  Slip  rings-Metal  conductors  in  the  form  of  a  ring,  fastened  to  each  end 
of  coil  and  mounted  on  rotor  shaft 

(NOTE:  Current  flows  through  the  regulator,  through  the  insulated  brush, 
through  one  slip  ring  into  the  coil,  and  out  through  the  other  slip  ring 
and  the  other  brush  to  ground.) 

E.  Short  circuit-Wire  touching  another  wire  and  providing  a  shorter  path  for 
current  to  flow 

F.  Open  circuit-Circuit  in  which  a  wire  is  broken  or  disconnected 

G.  Grounded  circuit-Circuit  in  which  a  wire  touches  ground  causing  the  current 
to  flow  to  ground  instead  of  through  the  circuit 

H.  Transistorized  regulator-Fully  electronic  unit  composed  of  resistors,  diodes, 
zener  diode,  transistors,  and  thermistor 

I.  Heat  sink-Dissipates  heat  from  diodes 

(NOTE:  High  ampere  alternators  often  use  finned  diodes  for  better  heat 
removal.) 

II.  Purpose  of  the  alternator  charging  circuit-The  alternator  charging  circuit 
recharges  the  battery  and  maintains  a  supply  of  electrical  current  to  meet  the 
operating  needs  of  the  equipment 
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III,      Alternator  charging  circuit  compor^pnts  and  functions  (Transparencies  1  and  2) 

A.  Battery 

1. :      Starts  the  circuit  by/ supplying  spark  to  start  engine 

2.  *    Helps  out  during  Q^ak  operation  when  electrical  load  is  too  much 

for  alternator 

3.  StabMizes"-  sy^em  voftage 

B.  Alternator    \  \ 

1.  Supplies  electrical  power  to  accessory  circuits 

^  / 

2.  Recharges  battery 


"Limits  tl 


C.  Regulator-Limits  tRe  alternator  voltage  to  a  safe,  preset  value 

D.  Anr meter- Measures  the  rate  of  current  flow 

E.  Voltmeter- Indicates  produced  voltage 

F.  Indicator  lights-Indicates  problems  in  system;  used  in  place  of  a  meter 

IV.  Major  parts  of  an  alternator  (Transparency  3) 

A.  Drive  end  frame 

B.  Rotor  assembly 

C.  Stator  assembly 

D.  Slip  ring  end  frame 

E.  Diodes 

F.  Brush  assembly 

G.  Pulley 

V.  Differences  between  alternator  and  generator  (Transparency  4) 
A.  Alternator 

1.  Rotates  the  field  inside  the  stationary  windings 

2.  Rectifies  the  AC  current  to  DC  with  a  series  of  diodes 
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B»  Generator 

1.  Rotates  the  windings  (armature)  inside  the  field 

2.  Rectifies  AC  current  to  DC  through  the  use  of  a  segmented 
coFiimutator  and  brushes 

VL    Advantages  of  an  alternator  as  opposed  to  a  generator 

A.  Produces  higher  output  at  lower  engine  speeds 

B.  Simplicity  in  construction  requires  less  maintenance  and  space 

VII.  Reason  alternator  produces  more  current  at  low  speed  than  a 
generator-Alternator  has  mure  pole  pieces  than  the  generator  so  that  many  more 
magnetic  lines  of  force  are  cut  during  one  revolution  of  the  rotor 

(NOTE:  The  alternator  usually  has  fourteen  pole  pieces  and  the  generator  usually 
has  two.) 

VI I L  Construction  of  the  stator  windings-Windings  have  three  phases  or  groups  of 
windings,  with  each  winding  connected  to  a  positive  and  negative  diode 
(Transparency  5) 

IX.  Control  of  alternator  by  regulator-Regulator  places  a  resistance  in  the  field  circuit 
which  reduces  current  flow  to  the  alternator  rotor 

(NOTE:  No  current  regulator  is  needed,  since  the  alternator  limits  its  output 
by  setting  its  own  opposing  field  during  operation.) 

X.  Component  parts  of  transistorized  regulator  and  functions 

A.  Resistors-Devices  made  of  wire  or  carbon  which  prevent  a  resistance  to 
current  flow 

B.  Zener  diode-Diode  connected  in  a  reverse  bias,  which  wili  conduct  a  reverse 
current  beyond  a  predetermined  voltage 

C.  Transistor-Semiconductors  which  control  the  flow  of  current  by  either 
allowing  it  to  flow  or  stopping  it 

D.  Thermistor-Temperatu re-compensated  resistor  whose  degree  of  resistance 
varies  with  the  temperature 

(NOTE:  It  controls  the  zener  diode  so  that  a  higher  system  voltage  Is 
produced  in  cold  weather,  when  needed.) 
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Operation^of  transistorized  regulator 

A.  Allows  battery  current  to  excite  the  alternator  field  coils 

B.  Controls  charging  voltage  at  safe  values  during  operation 
Safety  rules  for  working  with  alternator  charging  circuits 

A.  Never  attempt  to  polarize  the  circuit 

B.  Be  sure  the  battery  is  in  good  operating  condition  before  making  any  tests 
or  adjustments 

C.  Never  operate  the  alternator  in  an  open  circuit,  except  when  instructed 
in  the  technical  manual 

D.  Never  short  or  ground  the  alternator  terminals 

E.  Do  not  disconnect  the  voltage  regulator  while  the  alternator  is  running 

F.  Disconnect  the  negative  battery  cable  first  when  removing  the  alternator 
or  battery 

G.  Do  not  use  acid-core  solder  op  the  alternator  terminals;  use  only  a  rosin-core 
solder 

H.  Never  immerse  the  circuit  components  in  cleaning  solution 


Ahemator  Charging  Circuit  Components 


Alternator  Circuit  Schematic 


Delta 
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Negative  Diode  Plate 


Neutral  Junction     ^  ^jt  ^ 


r\  r 


o  Stator 
*  Ground 


Capacitor 


LIT 


Negative  Diode  Plate 


f 

Positive  Diode  Plate 


Battery 


O  Stator 
■~  "T"  Ground 


-P  Capacitor 


Batteiy 


Positive  Diode  Plate 
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Parts  of  the  Alternator 


Stator  Assembly 


Heat  Sink 


Drive  End  Frame 


Brush 

Assembly^^ 


Rotor  Assembly 


Slip  Ring  End  Frame 
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Differences  In  Alternator  And  Generator 
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Slator  Windin 


Stator      6-Oiode  Rectifier 


DC  Output 


0  0  0  0  0  0 


Battery 

DELTA-CONNECTED  STATOR  WINDINGS 
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Construction 


T'-CONNECTED  STATOR  WINDINGS 
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ALTERNATOR  CHARGING  CIRCUITS 
UNIT  VI 


JOB  SHEET  #1-TEST  THE  ALTERNATOR  CHARGING  CIRCUIT 

AND  REGULATOR 


\.   Tools  and  materials 

A.  Basic  hand  tool  set 

B.  Voltmeter 

C.  Ammeter 

D.  Variable  resistor 

E.  Jumper  wire 

F.  Safety  glasses 
II.  Procedure 

A.    Perform  test  no.  1 

1.       Connect  the  voltmeter  across  the  regulator  terminal  and  ground 
terminal  (Figure  1) 

FIGURE  1  ^Alternator 


Regulator- 


Ground 
Terminal 


Regulator 
Terminal 


V 

utput 
Terminal 


Voltmeter 


Voltmeter  Test  Connections 

2.       With  the  engine,  ignition  key  switch,  and  accessories  off,  the 
voltmeter  should  read  less  than  0.1  volt 

(NOTE:  A  high  reading  indicates  a  shorted  isolation  diode  or 
ignition  key  switch.) 

B.    Perform  test  no.  2 

1.       Under  the  same  conditions  as  test  no.  1,  turn  the  ignition  key 
switch  on 
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2.       The  voltmeter  reading  should  be  between  2  and  3  volts 

(NOTE:  A  high  reading  could  be  caused  by  a  high  resistance  in 
the  alternator  field,  defective  brushes,  or  a  defective  regulator. 
A  low  reading  might  indicate  a  shorted  alternator  field,  a  defective 
regulator,  or  an  open  circuit.) 

C.    Perform  test  no.  3 

1.       Leave  the  voltmeter  connected  to  the  ground  terminal  and 
regulator  terminal  of  the  alternator  (Figure  2) 


2.  With  the  engine  running  and  the  key  switch  on  but  all  accessories 
off,  the  voltmeter  should  read  more  than  15  volts 

3.  Move  the  voltmeter  lead  from  the  regulator  terminal  to  the  output 
terminal;  the  voltmeter  should  read  1  volt  less 

(NOTE:  If  the  regulator  terminal  voltage  is  correct  and  the  output 
terminal  is  the  same  as  battery  voltage,  then  the  isolation  diode 
is  open.) 

D.    Perform  test  no.  4 

(NOTE:  This  test  is  usually  performed  if  test  no.  2  indicated  a  malfunction.) 

1.      With     the     engine     and     switch     off,     disconnect  the 
regulatorto-alternator  field  terminal  wire  (Figure  3) 


FIGURE  2 


Voltmeter  Connections 
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FIGURE  3 
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Field  Terminal 


Output 
Terminal 


Resistor 


Ammeter 
DO  NOT  ALLOW 
REGULATOR  TO 
GROUND  OUTPUT 
TERMINAL  OR 
_  ISOLATION  DiODE 

Green  Wire  Disconnected 

Ammeter  Connections 
(NOTE:  Let  the  regulator  hang  on  the  wires  connected  to  the 
regulator  and  ground  alternator  terminals.  Be  very  careful  in  how 
the  regulator  hangs.  Do  not  allow  it  to  ground  on  the  output 
terminal.) 

2.  Connect  the  ammeter  in  series  with  a  variable  resistor  to  the  field 
terminal  and  output  terminal 

3.  With  all  resistance  eliminated,  the  ammeter  should  read  2.0  to 
2.5  amps  with  the  alternator  cold 

(NOTE:  A  high  reading  indicates  a  shorted  field  winding  or 
brushes.  A  low  reading  means  a  high  resistance  in  trie  brushes 
or  slip  ring,  or  an  open  circuit  in  the  field  windings.) 

E.    Perform  test  no.  5 

1.       Connect  the  voltmeter  and  jumper  wire  (Figure  4) 
FIGURE  4 

,  ....       ^  ^  ^Field  Terminal 

Jumper  Wire 


Voltmeter 


Regulator  \  ^  1 1  I   ^  ^DO  NOT  ALLOW 
Disconnected |^  |       /  requLATOR  TO 

GROUND  OUTPUT 
TERMINAL  OR 
ISOLATION  DIODE 

Jumper  Wire  And  Voltmeter  Connections 
Run  the  engine  at  a  specified  speed 

EXAMPLE:     800  RPM 
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3.       This  should  give  a  voltmeter  reading  of  15  volts 

(CAUTION:  Do  not  allow  voltage  to  go  above  16.5  volts.) 

(NOTE:  If  this  test  proved  to  be  satisfactory,  but  test  no.  3 
voltage  was  below  specifications,  the  regulator  is  probably  at  fault. 
If  this  test  voltage  was  low,  but  tests  no.  2  and  4  were  satisfactory, 
the  alternator  is  probably  faulty.) 

F.    Test  wiring  resistance 

(NOTE:  if  the  alternator  and  regulator  operate  properly,  check  the  wiring.) 

1.  Make  a  quick  visual  check  of  the  lead  connections  and  wires 

2.  Disconnect  battery  ground  cable,  then  disconnect  alternator 
output  wire  and  connect  ammeter  (Figure  5) 

FIGURE  5     Indicator  Lamp  Regulator 

i 


® 


Starter  Alternator 
Switch 


Starter 
(a)      "  Solenoid 


12-Volt^ 
Battery 


Ammeter 


Wiring  Test  Points 

Connect  ground  cable  and  run  engine  to  obtain  a  10-amp  charging 
rate 

With  a  voltmeter,  check  the  voltage  at  different  points  (Figure 
5) 

The  voltage  between  these  points  should  be  as  follows: 
Test  Points  Max.  Voltage 


A-C 
B-D 
B-E 


0.3  volts 
0.3  volts 
1.3  volts 
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6.  Always  disconnect  battery  ground  cable  to  prevent  accidental 
grounding  while  connecting  the  alternator  output  terminal  wire 

7.  Reconnect  battery  ground  cable 

(NOTE:  A  high  reading  indicates  a  high  resistance  in  the  wiring 
or  components.) 

Test  regulator 

1.       Connect  the  voltmeter  (Figure  6) 

(NOTE:  Use  an  accurate  voltmeter,  one  that  will  measure  to 
within  plus  or  minus  0.1  volts.) 


Terminal 

Regulator  Test  Connections 

2.  Run  the  engine  to  obtain  a  10-amp  charging  rate  for  about  15 
minutes  to  stabilize  the  ;egulator  temperature 

3.  Measure  the  regulator  temperature  about  one  inch  from  the 
regulator  and  check  the  voltmeter  reading 

4.  Compare  the  reading  with  manufacturer's  specifications 
(NOTE:  If  the  voltage  is  not  within  limits,  the  regulator  is  faulty.) 
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ALTERNATOR  CHARGING  CIRCUITS 
UNIT  VI 

JOB  SHEET  #2--REM0VE  AND  REPLACE  AN  ALTERNATOR 

i.   Tools  and  materials 

A.  Basic  hand  tool  set 

B.  Belt  tension  gauge 

C.  Battery  cable  clamp  removal  tool 

D.  Shop  towels 

E.  Safety  glasses 
IL  Procedure 

A.  Remove  battery  ground  cable 

B.  Remove  wire  leads  from  alternator 

(NOTE:  The  battery  lead  on  the  alternator  will  be  dangerous  to  remove 
unless  the  batterv  ground  cable  has  been  removed  from  the  battery. 
Alternator  leads  should  be  tagged  for  replacement.) 

C.  Remove  the  alternator  belt  adjusting  bolt 

D.  Move  the  alternator  toward  the  engine 

E.  Remove  the  alternator  belt  from  the  alternator  pulley 


106 


o 


282F 


JOB  SHEET  #2 


F.    Remove  the  bolts  holding  the  alternator  to  the  engine  mounting  bracket 
(Figure  1) 


G.  Lift  the  alternator  out  of  the  bracket 

H.  Service  alternator  as  required 

I.  To  replace,  position  the  alternator  in  the  engine  mounting  bracket 

J.  Start  alternator  retaining  bolts  and  tighten  securely 

K.    Position  alternator  belt  on  pulley  and  move  alternator  away  from  engine 
to  tighten  belt 

L.    Pry  the  alternator  away  from  the  engine  to  adjust  the  alternator  belt  tension 

(NOTE:  Use  caution  when  adjusting  the  alternator  belt  to  avoid  damaging 
the  alternator.  Refer  to  manufacturer's  recommendations  for  tightening 
procedures.) 

M.    Install  the  alternator  adjusting  bolt 
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JOB  SHEET  #2 


N,    Check  alternator  belt  tension  with  a  belt  tension  gauge  and  adjust  to 
manufacturers  specifications  (Figure  2) 

(NOTE:  The  alternator  belt  must  be  adjusted  properly.) 


FIGURE  2 


Check  Belt  For  Tightness 


0.  Install  wire  leads  that  were  removed  from  the  alternator  and  tighten  securely 
P.     Install  battery  ground  cable 

(NOTE:  Never  attempt  to  polarize  an  alternator.) 


ERIC 


io;o 


D 


-  285-F 


ALTERNATOR  CHARGING  CIRCUITS 
UNIT  VI 


JOB  SHEET  #3"DISASSEMBLE,  TEST,  AND  REASSEMBLE 
AN  ALTERNATOR 


I.  Tools  and  materials 

A.  Basic  hand  tool  set 

B.  Alternator  pulley  removal  tools 

C.  Altemator  diode  removal  equipment 

D.  Altemator  testing  equipment 

E.  Torque  wrench 

F.  Shop  towels 

G.  Safety  glasses 

II.  Procedure 

A.    Disassemble  alternator 

1.       Scribe  the  alternator  before  disassembly  (Figure  1) 

FIGURE  1 


Remove 


Scribe  Alternator 


2.       Remove  thru  bolts  holding  the  end  frames  together 
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JOB  SHEET  #3 

3.       Pry  at  bolt  locations  tc  separate  the  drive  end  frame  from  the 
slip  ring  end  frame  (F.jure  2) 

(NOTE:  Be  sure  stator  stays  with  slip  ring  cii.d  of  frame.) 


4.  Remove  the  slip  ring  end  frame  and  stator  (as  an  assembly)  from 
drive  end  frame  and  rotor  assembly 

5.  Remove  the  three  stator  lead  attaching  nuts 

6.  Separate  stator  from  slip  ring  end  frame 

7.  Remove  screws,  brushes,  and  brushholder  assembly 

8.  Remove  heat  sink  from  end  frame 

'7 

9.  Remove  pulley  retaining  nut  (Figure  3) 
FIGURE  3 


Remove  Pulley  Retaining  Nut 
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JOB  SHEET  #3 

10,  Remove  pulley  and  fan  using  pullers  as  required 

11,  Remove  rotor  and  spacers  from  end  frame  assembly 

12,  Remove  drive  frame  bearing  retainer  and  bearing  from  drive  end 
frame 

B.    Service  and  test  alternator 

1,  Wash  all  metal  parts  except  stator,  diode,  and  rotor  assemblies 

2,  Clean  bearings  and  inspect  for  pitting  or  roughness 

3,  Replace  bearings  as  required 

4,  Inspect  rotor  slip  rings 

(NOTE:  The  i>lip  rings  should  be  clean  and  free  of  scratches,) 

5,  Service  as  required 

6,  Inspect  brushes  for  wear 

7,  Replace  brushes  as  required 

8,  Test  the  rotor  for  grounds  (Figure  4) 

a.  Connect  one  lead  of  a  test  lamp  from  either  slip  rng  to 
the  rotor  shaft 

b.  Observe  test  light 

(NOTE:  If  test  lamp  lights,  the  rotor  is  grounded.) 

FIGURE  4 


Test  Rotor  For  Grounds 
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9.      Test  the  rotor  for  open  circuit  (Figure  5) 

a.     Connect  one  lead  of  a  test  lamp  to  one  slip  ring  and  the 
other  lead  to  the  remaining  slip  ring 

(NOTE:  Test  on  side  of  rims  to  keep  from  damaging 
surfaces,) 


b.    Observe  the  test  lamp 

(NOTE:  If  the  test  lamp  does  not  light,  the  circuit  is  open.) 


Test  Rotor  For  Opens 


10.       Test  the  rotor  for  short  circuit  (Figure  6) 

a.  Connect  a  twelve-volt  battery  and  ammeter  in  series  with 
the  two  slip  rings 

b.  Read  the  ammeter 

(NOTE:  An  ammeter  reading  above  specified  field  amperage 
draw  indicates  a  short  circuit.  Refer  to  manufacturers 
FIGURE  6  specifications.) 
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11,       Test  the  stator  for  grounds  (Figure  7) 

(NOTb:  Stators  can  be  checked  for  ground  only  through  output 
tests.) 

a.  Connect  one  lead  of  a  test  lamp  to  the  stator  frame 

b.  Connect  the  other  lead  to  any  stator  lead 


(NOTE:  If  the  lamp  lights,  the  windings  are  grounded.) 


(NOTE:  This  test  will  not  work  on  a  delta  wound  stator.) 

a.  Connect  a  test  lamp  between  each  pair  of  stator  leads 

b.  Observe  the  test  lamp 


(NOTE:  If  test  lamp  fails  to  light,  the  stator  windings  are 


Test  Stator  For  Opens 
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13.      Test  heat  sink  diodes 

(NOTE:  If  a  test  lamp  is  used  instead  of  an  ohmnneter,  voltage 
should  be  12  volts  or  less.) 

a.  Zero  ohmmeter  if  used 

b.  Test  positive  diodes  (Figure  9) 

1)  Touch  one  lead  or  probe  to  positive  heat  sink 

2)  Touch  one  lead  to  stator  lead  terminals  one  at  a 
time 

3)  Reverse  leads  to  check  flow  in  opposite  dSreci  on 


FIGURE  9 

 Diode  Tester 


Diode  Test 
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14.  Test  the  end  frame  diodes 

a.  Connect  one  lead  of  a  twelve-volt  test  lamp  to  end  frame 

b.  Connect  the  other  lamp  lead  to  the  diode  lead 

(NOTE:  If  lamp  lights  in  both  directions  or  fails  to  light 
at  all,  the  diode  is  defective.) 

c.  Replace  any  parts  found  defective 

d.  Replace  any  diodes  found  defective 

NOTE:  Use  proper  diode  removal  and  replacement  tools,) 

15.  Replace  slip  ring  end  frame  bearing  assembly,  if  grc35e  supply 
is  exhausted 

(NOTE:  Make  no  attempt  to  relubricate  and  reuse  bearings.) 

16.  Repack  drive  end  bearings  with  proper  lubricant 
C.    Reassemble  alternator 

1.  Assemble  heat  sink  to  end  frame 

2.  Install  brush  holder  and  brushes  into  slip  ring  end  frame  (Figure 
10) 

(NOTE:  Insert  a  pin  or  wire  through  the  hole  to  hold  the  brushes 
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3.  Install  stator  assembly  in  slip  ring  end  frame  and  locate  diode 
connectors  over  the  relay,  diode,  and  stator  ^eads 

4.  Install  and  tighten  terminal  nuts  securely 

5.  Install  bearing  in  drive  end  frame 
6*       Install  rotor  in  drive  end  frame 

?•       Install  fan,  spacer,  pulley,  and  retaining  nut 

8.  Tighten  nut  to  manufacturer's  specifications 

9.  Assemble  slip  ring,  end  frame,  and  stator  assembly  to  drive  end 
frame  and  rotor  assembly 

{NOTE:  Align  end  frames  by  referring  to  scribe  marks  put  on 
during  disassembly.) 

10*  Install  thru  bolts  in  the  end  frame  assembly 

11.  Tighten  bolts  securely 

12.  Remove  wire  holding  brushes  in  place 

13.  Check  alternator  operation 
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ALTERNATOR  CHARGING  CIRCUITS 
UNIT  VI 

JOB  SHEET  #4-TEST  AND  REPAIR  A 
TRANSISTORIZED  REGULATOR 

I.  Tools  and  materials 

A.  Basic  hand  tool  set 

B.  Voltmeter 

C.  Carbon  pile  resistor 

D.  Ammeter 

E.  Jumper  wire 

F.  Safety  glasses 

II.  Procedure 

(NOTE:  For  a  particular  test  procedure  always  follow  the  equipment  technical 
manual.) 

A.    Test  regulator  voltage 

(NOTE:  This  test  can  be  performed  either  on  or  off  the  machine.  Use  an 
alternator  that  is  known  to  be  in  good  repair.) 

1.       Set  up  the  test  circuit  (Figure  1) 
FIGURE  1 


Voltage  Test  For  Transistorized  Regulator 


2.       Connect  a  voltmeter  to  the  alternator  ground  and  output  terminals 
(Figure  1) 

(NOTE:  Be  sure  to  use  a  voltmeter  with  an  accuracy  within  0.1 
volts./ 
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3.  Start  the  engine,  momentarily  connect  jumper  wire  to  excite  the 
field,  and  apply  a  K^ad  of  about  10  amperes  (use  lights,  motors, 
carbon  pile  resistors,  etc.) 

4.  Operate  the  circuit  for  about  15  minutes  to  stabilize  the 
temperature  of  the  regulators 

5.  Measure  and  record  the  temperature  about  one  inch  from  the 
regulator  case 

6.  Compare  the  voltmeter  reading  with  the  voltage  specifications 
listed  in  the  machine  technical  manual 

7.  Adjust  the  reading  for  the  temperature  recorded  above 
B.    Adjun  and  repair  and  transistorized  regulator 

1.  Use  adjusting  screw  to  change  the  operating  voltage  for  different 
conditions 

(NOTE:  This  may  not  be  used  on  some  transistorized  regulators.) 

2.  Since  most  transistorized  regulators  are  sealed  umts,  repair  by 
replacing  if  they  are  found  faulty 

(NOTE:  This  type  of  regulator  is  usually  more  reliable  than  other 
kinds.) 
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ALTERNATOR  CHARGING  CIRCUITS 
UNIT  VI 

NAME  

TEST 


1.      Match  terms  on  the  right  to  the  correct  definitions. 


a. 

Wire  coil  wrapped  around  an  iron  core 
and  mounted  on  a  rotating  shaft 

1. 

2. 

Open  circuit 
Diode 

b. 

Laminated  soft  iron  ring  with  three 

groups  of  coils 

3. 

Transistorized 
regulator  . 

c. 

Device  that  allows  current  to  flow  in  one 

direction  and  blocks  current  in  ODDosite 

•  A 

rioior 

direction 

5. 

Stator 

d. 

Metal  conductors  in  the  form  of  a  ring. 

O. 

Heat  sink 

mounted  on  rotor  shaft 

7. 

Grounded 

e. 

Wire    touching    another    wire  and 
providing  a  shorter  path  for  current  to 

circuit 

flow 

8. 

Short 
circuit 

f. 

Circuit  in  which  a  wire  is  broken  or 

disconnected 

9. 

Slip  rings 

9- 

Circuit  in  which  a  wire  touches  ground 
causing  the  current  to  flow  to  ground 
instead  of  through  the  circuit 

h. 

Fully   electronic   unit  composed  of 
resistors,     diodes,      zener  diodes, 
transistors,  and  thermistor 

i. 

Dissipates  heat  from  diodes 

2.       State  the  purpose  of  the  alternator  charging  circuit. 


Match  t^Ie  alternator  charging  circuit  components  on  the  right  to  the  correct 
functions. 


_a.  Starts  the  circuit  by  supplying  spark  to 
start  engine,  helps  out  during  peak 
operation^  when  electrical  load  is  too 
much  for  alternator,  and  stabilizes 
system  voltage 

b.  Measures  the  rate  of  current  flow 


_c.  Supplies  electrical  power  to  accessory 
circuits  and  recharges  battery 

d.  Indicates  produced  voltage 


1.  Indicator  lights 

2.  Ammeter 

i 

3.  Altemator 

4.  Regulator 

5.  Battery 

6.  Voltmeter 


_e.  Limits  the  alternator  voltage  to  a  safe, 
preset  value 

_f.  Indicates  problems  in  system;  used  in 
place  of  a  meter 


Identify  the  major  parts  of  an  alternator 

a.   

b.   

c.   

d.   

e.   

f.  

g.   
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Explain  the  differences  between  an  alternator  and  a  generator. 

a.  Alternator 

1) 
2) 

b.  Generator 

1) 
2) 

List  two  advantages  of  an  alternator  as  opposed  to  a  generator. 

a. 

b. 

Explain  why  the  alternator  produces  more  current  at  low  speed  than  a  generator. 


Discuss  the  construction  of  the  stator  windings. 


Discuss  how  the  alternator  is  controlled  by  the  regulator. 


Match  the  component  parts  of  a  transistorized  regulator  on  the  right  to  the 
correct  functions. 


_a.  Devices  made  of  wire  or  carbon  which 
prevent  a  resistance  to  current  flow 

b.  Diode  connected  in  a  reverse  bias,  which 
will  conduct  a  reverse  current  beyond  a 
predetermined  voltage 


1. 
2. 
3. 
4. 


Transistor 
Thermistor 
Resistors 
Zener  diode 
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 c.  Semiconductors  which  control  the  flow 

of  current  by  either  allowing  it  to  flow 
or  stopping  it 

 d,  Temperature-connpensated  resistor 

whose  degree  of  resistance  varies  with 
the  tennperature 

Discuss  the  operation  of  the  transistorized  regulator. 


List  five  safety  rules  for  working  with  an  alternator  charging  circuits, 
a. 

b, 

c, 

d. 

e. 

Dennonstrate  the  ability  to: 

a.  Test  the  alternator  charging  circuit  and  regulator. 

b.  Rennove  and  replace  an  alternator. 

c.  Disassemble,  test,  and  reassemble  an  alternator. 

d.  Test  and  repair  a  transistorized  regulator. 

{NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test, 
ask  your  instructor  when  they  should  be  completed.) 
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ALTERNATOR  CHARGING  CIRCUITS 
UNIT  V! 


ANSWERS  TO  TEST 

1.  a.     4  e.    8  i.  6 

b.  5  f.  1 

c.  2  g.  7 

d.  9  h.  3 

2.  The  alternator  charging  circuit  recharges  the  battery  and  maintains  a  supply  of 
electrical  current  to  meet  the  operating  needs  of  the  equipment 

3.  a.  5 

b.  2 

c.  3 

d.  6 

e.  4  » 

f-     1  I 

4.  a.     Drive  end  frame 

b.  Rotor  assembly 

c.  Stator  assembly 

d.  Slip  ring  end  frame 

e.  Diodes 

f.  Brush  assembly 

g.  Pulley 

5.  Explanation  should  include: 
a.  Alternator 

1)  Rotates  the  field  inside  the  stationary  windings 

2)  Rectifies  the  AC  current  to  DC  with  a  series  of  diodes 
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b.  Generator 

1)  Rotates  the  windings  (armature)  inside  the  field 

2)  Rectifies  AC  current  to  DC  through  use  of  a  segmented 
commutator  and  brushes 

6.       a.     Produces  higher  output  at  lower  engine  speeds 

b.    Simplicity  in  construction  requires  less  maintenance  and  space 

7*  Explanation  should  include-Altemator  has  more  pole  pieces  than  the  generator 
so  that  many  more  magnetic  lines  of  force  are  cut  during  ono  revolution  of 
the  rotor 

8*  Discussion  should  Include-Windings  have  three  phases  or  groups  of  windings, 
with  each  winding  connected  to  a  positive  and  negative  diode 

9.  Discussion  should  include- Regulator  places  a  resistance  in  the  field  circuit  which 
reduces  current  flow  to  the  alternator  rotor 

ia       a.  3 

b.  4 

c.  1 

d.  2 

11.  Discussion  should  include: 

a.  Allows  battery  current  to  excite  the  alternator  field  coils 

b.  Controls  charging  voltage  at  safe  values  during  operation 

12.  Any  five  of  the  following: 

a.  Never  attenr»pt  to  polarize  the  circuit 

b.  Be  sure  the  battery  is  in  good  operating  condition  before  making  any  tests 
or  adjustments 

c.  Never  operate  the  alternator  in  an  open  circuit,  except  when  instructed 
in  the  technical  manual 

d.  Never  short  or  ground  the  alternator  terminals 

e.  Do  not  disconnect  the  voltage  regulator  while  the  alternator  is  running 

f.  Disconnect  the  negative  battery  cable  first  when  removing  the  alternator 
or  battery 
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g.    Do  not  use  acid-core  solder  on  the  alternator  terminals;  use  only  a  rosin-core 
solder 

Never  immerse  the  circuit  components  in  cleaning  solution 
13.      Performance  skills  evaluated  to  the  satisfaction  of  the  instructor. 
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OPERATION  AND  MAINTENANCE 
UNIT  I 

tNIT  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  list  the  major  duties  of  an 
engine  operator  and  the  inspections  to  include  in  a  checklist  before  starting  an  engine 
and  during  the  normal  operation.  The  student  should  also  be  able  to  match  the  cause 
to  the  corrective  action  when  an  engine  fails  to  start,  when  an  engine  fails  to  come  up 
to  speed,  and  when  the  engines  misfire.  This  knowledge  will  be  evidenced  by  scoring 
eighty-five  percent  on  the  unit  test. 

SPECinc  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to's 

1.  Define  terms  associated  with  operation  and  maintenance. 

2.  List  four  major  duties  of  an  engine  operator. 

3.  List  inspections  to  include  in  a  checklist  before  starting  a  diesel  engine. 

4.  List  inspections  to  include  in  a  checklist  during  normal  operation. 

5.  List  factors  to  include  in  the  procedure  for  stopping  a  diesel  engine. 

6.  Name  two  performance  records  that  should  be  maintained. 

7.  Match  the  causes  of  engines  being  hard  to  start  or  will  not  start  to  the 
corrective  actions. 

8.  Match  the  causes  of  an  engine  failing  to  come  up  to  speed  to  the  corrective 
actions. 

9.  Match  the  causes  of  an  engine  misfiring  to  the  corrective  actions. 

10.  List  causes  of  engine  knock. 

11.  List  causes  of  an  overheated  engine. 

12.  List  four  causes  of  smokey  exhaust 
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OPERATION  AND  MAINTENANCE 
UNIT  I 

SUGGESTED  ACTIVITIES 

I,  Instructor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  information  sheet. 

C.  Discuss  unit  and  specific  objectives. 

D.  Discuss  information  sheet. 

E.  Give  test. 

II.  Student: 

A.  Read  objective  sheet. 

B.  Study  information  sheet 

C.  Take  test. 

INSTRUCTIONAL  MATERIALS 

I.    Included  in  this  unit:  ' 

A.  Objective  sheet 

B.  Information  sheet 

C.  Test 

D.  Answers  to  test 

II.    Reference-Kates,  Edgar  J.,  and  Luck,  William  E.  Diesel  and  High  Compression 
Gas  Engines.  Chicago:  American  Technical  Soceity,  1974. 
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OPERATION  AND  MAINTENANCE 
UNIT  I 

INFORMATION  SHEET 

I.  Terms  and  definitions 

A.  Svmptom--Subjective  evidence  of  mechanical  trouble 

B.  Log-Form  for  keeping  engine  operating  and  accountability  records 

C.  Checklist-Series  of  inspection  points  for  determining  if  maintenance  or 
servicing  is  needed 

II.  Major  duties  of  an  engine  operator 

A.  Starting  engine 

B.  Normal  running  of  engine 

C.  Stopping  engine 

D.  Record  maintenance 

III.  Inspections  before  starting  engine 

A.  Cooling  system 

B.  Lubricating  system 

C.  Fuel  system 

D.  Starting  system 

1.  Air  supply 

2.  Fuel  supply 

3.  Compression 

{NOTE:  Immediately  after  starting,  check  the  lubricating  oil  pressure.  cooUng 
water  flow,  and  fuel  supply.  Watch  entire  engine  to  see  if  all  pans  function 
properly.  Run  at  light  load,  if  possible,  until  it  reaches  cparaiing  temperature.) 
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IV.  Inspections  during  normal  operation 

A.  Inspect  engine  frequently 

B.  Watch  loading 

C.  Regulate  jacket  water  temperature  (if  used) 

D.  Keep  lubrication  system  clean 

E.  Check  combustion  conditions 

(NOTE:  Do  this  on  larger  engines  by  taking  firing  pressure  readings  through 
use  of  indicator  cards  or  pyrometer.) 

F.  Listen  to  the  engine 

V.  Stopping  procedure 

A.  Make  sure  starting  equipment  is  fully  charged 

B.  Check  to  see  that  all  pressures  and  temperatures  are  normal 

C.  Take  load  off  engine  gradually 

D.  Let  engine  idle  until  temperature  falls 

E.  Shut  off  fuel  injection 

(NOTE:  If  independent  water  pump  or  oil  pump  are  used  keep  in  circulation 
for  about  15  minutes.) 

VI.    Performance  records 

A.  Operating  records 

(NOTE:  Typical  record  form  or  log  should  include  cooling  water  and 
exhaust  temperatures,  lurbocharger  pressure,  lube-oil  pressure,  and 
temperature,  electrical,  and  load  date.) 

B.  Accounting  records 

(NOTE:  Typical  record  form  or  log  should  include  what  the  piant  produces 
in  terms  of  kilowatt-hours,  water  pumped,  and  ton-miles  pulled;  and  what 
the  plant  used  in  terms  of  fuel,  lube  oil,  operating  labor,  supplies,  parts, 
and  repair  labor.) 
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VII.    Causes  of  engines  being  hard  to  start  or  will  not  start  and  corrective  actions 

A.  Not  enough  fuel-Check  fuel  tanks,  be  sure  all  valves  are  open,  check  transfer 
pump,  clean  air  fiiters 

B.  Air  in  fuel  line-  Prime  and  vent  pump  and  piping 

C    Water  or  dirt  in  fuel-  Drain  fuel  system  and  clean  tank 

D.  Starting  valves  out  of  order  (if  usedl-Make  sure  starting  valve  is  not  stuck 
open  or  leaking 

E.  Low  compression-Check  for  improper  valve  seating,  stuck  piston  rings, 
cylinder  head  or  valve  cage  gaskets  leaking 

F.  Cranking  speed  too  low-Charge  or  replace  battery,  service  starter 

G.  Fuel    injection    improperly   timed-Time    injection    to  manufacturer's 
specifications 

VIM.    Causes  of  an  engine  failing  to  come  up  to  speed  and  corrective  actions 

A.  Not  enough  fuel  -Adjust  governor  or  throttle  controls;  check  for  air  or  water 
in  fuel 

B.  Fuel  nozzles  dirty  or  clogged--Clean  or  replace  nozzles 

C.  Injection  pump  valves  leak-Regrind  or  replace  valve  and  seat  assemblies 

Lo»*/  .%:«mprcssion--Ch8ck  for  improper  inlet  or  exhaust  valve  seating, 
cylinder  head  or  valve  -uge  gaskets  leaking,  compression  release  not  in 
position 

E.  Engine  overloaded  -If  electrical  load,  open  switches;  if  mechanical  load  open 
(dump)  clutch 

F.  Too  much  friction-Eliminate  cause  of  excess  friction 

I X.    Causes  of  an  engine  misfiring  and  corrective  actions 

A.    Water  or  dirt  in  fuel-Drain  and  refill  with  clean  fuel 
B     Gasoline  in  diesel  fuel-  Drain  and  refill  with  proper  fuel 
C.    Air  in  fuel  system-Bleed  the  system 
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D»    Poor  nozzle  operation-Clean  and  check  nozzle  spray  pattern 

E.     Faulty  injection  pump-Check  and  calibrate  the  fuel  injection  pump 

F^     Nozzles  not  seated  properly-Reposition  nozzles  and  tighten  retaining 
screws  to  specified  torque 

Causes  of  engine  knock 

A.  Injector  valves  sticking;  broken  valve  spring 

B. *    Fuel  timing  wrong 

C.  Inlet  or  exhaust  valve  sticking 

D.  Poor  quality  fuel;  dirt  or  water  in  fuel 

E.  Worn  bearings;  excessive  valve  tappet  clearance 

(NOTE:  Pounding  may  be  caused  by  loose  crankpin,  excessive  clearance 
in  wrist  pin;  excessive  clearance,  liner-to-piston.) 

Causes  of  an  overheated  engine 

A.  Overload 

B.  Poor  cooling 

C.  Late  combustion 

D.  Lubrication  inadequate 

E.  Hot  bearings 
Causes  of  smokey  exhaust 

A.  Engine  overloaded  (fuel  to  air  ratio) 

B.  Poor  combustion 

C.  Excessive  lubrication 

D.  Clogged  air  cleaners  InQO 
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OPERATION  AND  MAINTENANCE 
UNIT  I 


NAME. 

\  TEST 


1»      Define  terms  associated  with  operation  and  maintenance, 
a.  Symptom- 


fa.  Log- 


c.  Checklist-- 

2.  List  four  major  duties  of  an  engine  operator, 
a. 

b. 
c. 
d. 

3.  List  three  inspections  to  include  in  a  checklist  before  starting  a  diesel  engine, 
a. 

b. 
c. 

4.  List  four  inspections  to  include  in  a  checklist  during  normal  operation. 

b. 
c. 
d. 
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List  four  steps  to  include  in  the  procedure  for  stopping  a  diesel  engine. 

a. 

b. 


Name  two  performance  records  that  should  be  maintained. 


Match  the  causes  of  engines  being  hard  to  start  or  will  not  start  on  the  right 
to  the  corr«;ctive  actions  on  the  left 


Check  fuel  tanks,  be  sure  all  valves  are 

1. 

Low  compression 

open,  check  transfer  pump,  clean  air 

filters 

2. 

Starting  valves 

out  of  order 

Prime  and  vent  pump  and  piping 

(if  us^kJ) 

Drain  fuel  system  and  clean  tank 

3. 

Fuel  injection 

improperly  timed 

Make  sure  starting  valve  is  not  stuck 

open  or  leaking 

4. 

Cranking  speed 

too  low 

Check  for  improper  valve  seating,  stuck 

piston  rings,  cylinder  head  or  vaiva  cage 

5. 

Water  or  dirt 

gaskets  leaking 

in  fuel 

Charge  or  replace  battery,  service  starter 

6. 

Not  enough 

fuel 

Time     injection     to  manufacturer's 

specification 

7. 

Air  in 

fuel  line 
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Match  the  causes  of  an  engine  failing  to  come  up  to  speed  on  the  right  to 
the  corrective  actions  on  the  left 


a. 

Adjust  governor  or  throttle  controls; 

1. 

Low  rnmnrpQQinn 

check  for  air  or  water  in  fupl 

9 

b. 

Clean  or  replace  nozzles 

3. 

Fuel  nozzles 

c. 

Regrind   or  replace   valve   and  seat 

dirty  or  clogged 

assemblies 

4. 

Injection  pump 

d. 

Check  for  improper  inlet  or  exhaust 

valves  leak 

valve  seating,  cylinder  head  or  valve  cage 

gaskets  leaking,  compression  release  not 

5. 

Too  much 

in  position 

Triciion 

.  e. 

If  electrical   load,  open  switches;  if 

6. 

Engine 

mechanical  load  open  (dump)  clutch 

ouprloaHpH 

f. 

Eliminate  cause  of  excess  friction 

Match  the  causes  of  an  engine  misfiring  on  the  right  to  the 

corrective  actions 

on  the  left. 

a. 

Drain  and  refill  with  clean  fuel 

1. 

Faulty  injection 

pump 

b. 

Drain  and  refill  with  proper  fuel 

2. 

Air  in  fuel 

c. 

Bleed  the  system 

system 

d.  Clean  and  check  nozzle  spray  pattern 

e.  Check  and  calibrate  the  fuel  injection 
pump 

_f.   Reposition  nozzles  and  tighten  retaining 
screws  to  specified  torque 


3.  Nozzles  not 
seated  properly 

4.  Water  or 
dirt  in 
fuel 

5.  Poor  nozzle 
operation 

6.  Gasoline  in 
diesel  fuel 


10.       List  four  causes  of  engine  knock 
a. 
b. 
c. 
d. 
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11.  List  four  causes  of  an  overheated  engine, 
a. 

b. 
c. 
d. 

12.  List  four  causes  of  smokey  exhaust. 
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OPERATION  AND  MAINTENANCE 
UNIT  I 

ANSWERS  TO  TEST 

1.      a.    Symptom-Subjective  evidence  of  mechanical  trouble 

b.  Log-Form  for  keeping  engine  operating  and  accountability  records 

c.  Checklist-Series  of  inspection  points  for  determining  if  maintenance  or 
servicing  is  necessary 

2*      a.  Starting  engine 

b.  Normal  running  of  engine 

c.  Stopping  engine 

d.  Record  maintenance 

3.  Any  three  of  the  following: 

a.  Cooling  system 

b.  Lubricating  system 

c.  Fuel  system 

d.  Starting  system 

1)  Air  supply 

2)  Fuel  supply 

3)  Compression 

4.  Any  four  of  the  following: 

a.  Inspect  engine  frequently 

b.  Watch  leading 

c.  Regulate  jacket  water  temperature  (if  used) 

d.  Keep  lub-icatjon  system  clean 

e.  Check  combustion  conditions 

f.  Listen  to  the  engine 
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Any  four  of  the  following: 

a.  Make  suine  starting  equipment  is  fully  charged 

b.  Check  to  see  that  all  pressures  and  temperatures  are  normal 

c.  Take  load  off  engine  gradually 

d.  Let  engine  idle  until  temperature  falls 

e.  Shut  off  fuel  injection 

a.  Operating  records 

b.  Accounting  records 


7. 

a. 

6 

e. 

1 

b. 

7 

f. 

4 

c. 

5 

g- 

3 

d. 

2 

8. 

a. 

2 

d. 

1 

b. 

3 

e. 

6 

c. 

4 

f. 

5 

9. 

a. 

4 

d. 

5 

b. 

6 

e. 

1 

c. 

2 

f. 

3 

10.  Any  four  of  the  following: 

a.  Injector  valves  sticking;  broken  valve  spring 

b.  Fuel  timing  wrong 

c.  Inlet  or  exhaust  valve  sticking 

d.  Poor  quality  fuel;  dirt  or  water  in  fuel 

e.  Worn  bearings;  excessive  valve  tappet  clearance 

11.  Any  four  of  the  following: 

a.  Overload 

b.  Poor  cooling 
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c.  Late  combustion 

d.  Lubricaticn  inadequate 

e.  Hot  bearings 

12.      a.  Engine  overloaded  (fuel  to  air  ratio) 

b.  Poor  combustion 

c.  Excessive  lubrication 

d.  Clogged  air  cleaners 
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DIAGNOSIS  AND  TESTING  OF  ENGINES 
UNIT  II 

UNIT  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  list  basic  steps  to  follow 
in*  diagnosing  an  engine  malfunction  or  failure.  The  student  should  also  be  able  to  list 
major  check  paints  when  inspecting  and  operating  ^-^nd  complete  a  diesel  troubleshooting 
guide.  This  knowledge  will  be  evidenced  through  demonstration  and  by  scoring  eighty-five 
percent  on  the  ur.it  test. 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  diagnosis  and  testing  of  engines  to  the  correct 
definitions. 

2.  List  seven  steps  in  diagnosing  and  testing  an  engine. 

3.  List  four  major  checkpoints  when  inspecting  a  diesel  engine. 

4.  List  major  checks  to  make  when  operating  the  engine. 

5.  List  tests  that  are  made  with  a  dynamometer. 

6.  Name  three  factors  necessary  for  the  engine  to  produce  horsepower. 

7.  Select  the  possible  causes  of  a  diesel  engine  being  hard  to  start  or  will 
not  start. 

8.  Select  the  possible  causes  of  a  diesel  ?ngine  starting  but  not  running. 

9.  Select  the  items  which  would  cause  a  diesel  engine  to  misfire. 

10.  Select  the  items  which  would  cause  a  diesel  engine  to  knock. 

11.  Select  the  items  which  would  cause  a  diesel  engine  to  overheat. 

12.  belect  the  items  which  would  cause  a  diesel  engine  to  have  lack  of  power. 

13.  Select  the  items  which  would  cause  a  diesel  engine  to  use  too  much  oil. 
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14.  Name  causes  of  liigh  oil  pressure. 

15.  List  causes  of  low  oil  pressure. 

16.  Complete  a  diesel  troubleshooting  guide. 

17.  Demonstrate  the  ability  to: 

a.  Load  test  an  engine  with  a  dynamometer. 

b.  Test  engine  cylinder  compression. 

c.  Check  air  intake  system  for  restriction. 

d.  Check  crankcase  pressure,  exhaust  back  pressure,  and  air  box  pressure. 
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DIAGNOSIS  AND  TESTING  OF  ENGINES 
UNIT  II 

SUGGESTED  ACTIVITIES 

I.  Instructor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  information,  assignment,  and  job  sheets. 

C.  Discuss  unit  and  specific  objectives. 

D.  Discuss  information  and  assignment  sheets. 

E.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

F.  Explain  how  to  properly  use  and  read  a  mercury  and  a  water-filled 
manometer. 

G.  Give  test. 

II.  Student: 

A.  Read  objective  sheet. 

B.  Study  information  sheet. 

C.  Complete  assignment  and  job  sheets. 

D.  Take  test. 

INSTRUCTIONAL  MATERIALS 

I.    Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Assignment  Sheet  #1 -Complete  a  Diesel  Troubleshooting  Guide 

D.  Answers  to  assignment  sheet 

E.  Job  sheets 

1.  Job  Sheet  #1"Load  Test  an  Engine  with  a  Dynamometer 

2.  Job  Sheet  #2"Test  Engine  Cylinder  Compression 
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3,  Job  Sheet  #3-Check  Air  Intake  System  for  Restrictions 

4.  Job  Sheet  #4-Check  Crankcase  Pressu:**?,  Exhaust  Back  Pressure, 
and  Air  Box  Pressure 

F.  Test 

G.  Answere  to  test 
References: 

A.  Toboldt,  Bill.  Diesel:  Fundamentals,  Service,  Repair  South  Holland,  Illinois: 
Goodheart-Willcox  Company,  1973. 

B.  Kates,  Edgar  J.,  and  Luck,  William  E.  Diesel  and  High  Compression  Gas 
Engines,  Chicago:  American  Technical  Society,  1974. 

C.  Fundamentals  of  Service:  Engines,  Moline,  Illinois:  Deere  and  Company, 
1972. 

D.  Sen/ice  Manual,  Detroit  Diesel  Engines,  Detroit,  Michigan:  Detroit  Diesel 
Allison,  1975. 

E.  Cummins  Engine  Company  Shop  Manual.  Columbus,  Indiana:  Cummins 
Engine  Company,  1974. 
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INFORMATION  SHEET 


I.    Terms  and  definitions 

A.  Diagnosis-ln  engine  service,  the  use  of  instruments  to  troubleshoot  the 
engine  parts  to  locate  the  cause  of  failure 

B.  Dynamometer-Instrument  for  measuring  the  power  output  of  an  engine 
by  applying  a  load  to  the  engine,  thereby  testing  the  horsepower  and  torque 

C.  Vacuum  gauge-Instrument  used  to  check  the  air  intake  system  of  an  engine 
(NOTE:  A  vacuum  gauge  measures  pressure  of  liquids  and  gases,) 

D.  Manometer-Instrument  using  mercury  or  water  in  a  U-tube,  indicating 
positive  or  negative  (vacuum)  pressure  by  the  difference  in  height  of  the 
two  columns 

E.  Tachometer-Device  measuring  speed  of  rotation 

F.  Pyrometer-Instrument  for  measuring  temperatures  beyond  the  range  of  a 


II.    Steps  in  diagnosing  and  testing  an  engine 

A.  Know  the  system 

(NOTE:  Study  technical  manuals,  how  engine  works,  knowledge  of  three 
basic  needs:  fuel-air  mixture,  compression,  and  ignition.) 

B.  Ask  the  operator 

(NOTE:  Ask  operator  what  warning  signs  preceeded  the  trouble;  what 
previous  work  has  been  done  on  the  engine;  has  similar  trouble  occurred 
before.) 

C.  Operate  the  machine 

D.  Inspect  the  machine 

(NOTE:  Check  all  fluid  levels.) 

E.  List  the  possible  causes 

F.  Reach  a  conclusion 

G.  Test  your  conclusion 


mercurial  thermometer 
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III.    Major  checkpoints 

A.  Water  system 

B.  Oil  system 

C.  Fuel  system 

D.  Electrical  system 


(NOTE:  Keep  3  list  of  all  trouble  signs  noted  from  above  checks.) 


A.  Gauge  readings 

B.  Unusual  sounds  (where?  at  what  speed?) 

C.  Smells  (any  signs  of  unusual  exhaust) 

D.  Smoke 

E.  Controls 

F.  Power  under  load 

G.  Idle  speed 

H.  Battery  condition 

I.  Alternator  or  generator  output 
V.    Tests  made  with  a  dynamometer 

A.  Engine  horsepower 

8.  Exhaust  smoke  analysis 

C.  Fuel  consumption 

D.  CrankcDse  blow-by 

E.  Air  cleaner  restriction 

F.  OH  pressure 

G.  Clutch  operation  1  7  DC 


IV.    Checks  when  operating  an  engine 
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H.  Exhaust  temperature 

I.  Air  box  pressure 
J.     Exhaust  pressure 

Vl.    Factors  necessary  to  produce  horsepower 

A.  Fuel-air  mixture 

B.  Compression 

C.  Ignition 

VII.  Causes  of  a  diesel  engine  being  hard  to  start  or  will  not  start 

A.  No  fuel  or  improper  fuel 

B.  Water  or  dirt  in  fuel  or  dirty  filters 

C.  Air  in  fuel  system 

D.  Low  cranking  speed 

E.  Faulty  nozzle  operation 

F.  Improper  timing 

G.  Faulty  injection  pump 

VIII.  Causes  if  diesel  engine  starts  but  will  not  run 

A.  Dirt  in  fuel 

B.  Air  restrictions 

C.  Clogged  filter 

IX.    Causes  of  diesel  engine  misfiring 

A.  Water  or  dirt  in  fuel 

B.  Gasoline  in  diesel  fuel 

C.  Air  in  fuel  system 

D.  Faulty  nozzle  operation 

E.  Faulty  mjection  pump 
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F.  Nozzles  not  seated  properly  in  cylinder  head 

G.  Low  compression 
Causes  of  diesel  engine  knock 

A.  Improper  injection  pump  timing 

B.  Worn  engine  bearings  or  bushings 

C.  Excessive  crankshaft  end  play 

D.  Loose  bearing  caps 

E.  Foreign  material  in  cylinder 

F.  Scored  piston 

G.  Faulty  injection  nozzle 

H.  Bad  fuel 

Causes  of  diesel  engine  overheating 

A.  Defective  radiator  cap 

B-  Radiator  fins  bent  or  plugged 

C.  Defective  thermostat 

D.  Insufficient  coolant 

E.  Loose  fan  belt 

F.  Cooling  system  limed  up 

G.  Overloaded  engine 

H.  Faulty  engine  timing 

I.  Engine  low  on  oil 
J.  Wrung  type  of  fuel 
K.  Faulty  water  pump 

L  Faulty  shutter  operation  (if  used) 

M.  Faulty  noz/ies 

llO 

N.  Fan  problems  ^ 
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A. 

Air  cleaner  dirty  or  otherwise  obstructed 

B. 

Restricted  air  flow  in  intake  system 

C. 

Restriction  in  fuel  lines  or  filters 

D. 

Wrong  type  of  fuel 

E. 

Valve  failure 

F. 

Incorrect  valve  tappet  clearance 

G. 

Low  engine  speed 

H. 

Crankcase  oil  too  heavy 

1. 

Low  compression 

J. 

Low  operating  temperature 

K. 

Faulty  injection  pump  delivery 

L. 

Exhaust  restriction 

M. 

Incorrect  camshaft  timing 

Causes  of  a  diesel  engine  using  too  much  oil 

A. 

Crankcase  oil  too  light 

B. 

Worn  pistons  and  rings 

C. 

Worn  valve  guides  or  stem  Oii  seals 

D. 

Loose  connecting  rod  bearings 

E. 

External  oil  leaks 

F. 

Oil  pressure  too  high 

G. 

Engine  speed  too  high 

H. 

Crankcase  venlilator  pump  not  working 

1. 

Restricted  air  intake  or  breather 

J. 

Excessive  oil  in  rocker  arm  assembly 
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XIV.    Causes  of  high  oil  pressure 
^       A.    Stuck  relief  valve 

B.  Defective  pressure  gauge 

C.  Wrong  oil  pump 

D.  Oil  to  thick 
XV.    Low  oil  pressure 

A.  Worn  bearings 

B.  Poor  relief  valve  seating 

C.  Too  light  oil 

D.  Worn  oil  pump 

E.  Engine  low  on  oil 

F.  Loose  connection  or  leaky  seals  at  oil  filter, 

G.  Defective  oil  pressure  gauge 

H.  Dilution  of  oil 
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DIAGNOSIS  AND  TESTING  OF  ENGINES 
UNIT  II 


ASSIGNMENT  SHEET  #1"C0MPLETE  A  DIESEL  TROUBLESHOOTING  GUIDE 


The  following  questions  provide  a  guide  for  beginning  analysis  of  troubleshooting  a  dieseL 
Select  the  method  on  the  right  that  would  most  likely  answer  the  question. 


_  1)  Is  acceleration  normal? 

2)  How  does  it  start  when  cold? 

3>  How  does  it  start  when  hot? 

A)  Is  there  any  misfiring? 

5)  Under  what  condition  does  it  misfire? 

6)  Is  exhaust  normal? 

7)  Does  the  engine  surge  at  any  speed? 

8)  Is  there  any  oil  leakage? 

9)  Is  there  any  coolant  leakage? 

JO)  Is  there  any  fuel  leakage? 

11)  Is    there     any     air    leakage  from 
turbocharger  or  blower? 

J  2)  Does  the  engine  run  hot? 

J  3)  When    was    the    last    service  work 
performed? 

^14)  What  work  was  done  on  the  engine? 

_15)  Under  what  conditions  is  the  engine 
operated? 

16)  Are  any  knocks  apparent? 

17)  Under  what  conditfons  are  the  knocks 
apparent? 


a.  Ask  operator 

b.  Visual 
inspection 

c.  Operate  engine 

d.  Compression 
gauge 

e.  Dynamometer 
test 


f. 


Pyrometer 
(if  used) 
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18)  What    is    operating   temperature  of 
individual  cylinder  exhaust? 

19)  is  exhaust  gas  analysis  normal? 

20)  Is  there  any  restriction  in  air  duct?  Any 
leakage? 

21)  What  is  the  compression  pressure  of 
various  cylinders? 

22)  Has  the  brand  of  fuel  been  changed 
recently? 
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DIAGNOSIS  AND  TESTING  OF  ENGINES 
UNIT  li 


ANSWERS  TO  ASSIGNMENT  SHEET 


1. 

3 

12 

2 

mm* 

a 
a 

1  w* 

d 

3 

o 

1  *T. 

d 

A 
•f  • 

1  o. 

a 

a 

lO. 

a,  c 

6. 

C 

17. 

a,  c 

7. 

a,  c 

18. 

f 

8. 

b 

19. 

e 

9. 

b 

20. 

b,  e 

10. 

b 

21. 

d 

11. 

b 

22. 

a 
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DIAGNOSIS  AND  TESTING  OF  ENGINES 
UNIT  II 


JOB  SHEET  #1-L0AD  TEST  AN  ENGINE 
WITH  A  DYNAMOMETER 


I.    Tools  and  materials 

A.  Basic  hand  tool  set 

B.  Live  engine 

C.  Dynamometer 

D.  Engine  technical  manual 

E.  Dynamometer  instruction  manual 

F.  Safety  glasses 
IL  Procedure 

A.    Connect  the  engine   to   the  dynamometer  using  the  manufacturer's 
instructions  (Figure  1) 


(CAUTION:  Rotating  parts  are  a  safety  hazard.) 


Portable  Dynamometer 
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B.  Operate  the  engine  at  about  one-half  load  until  the  coolant  and  crankcase 
oil  temperatures  are  up  to  normal 

(NOTE:  Warm  up  will  take  about  30  minutes,  but  very  important  to 
a  good  test.  Keep  close  check  on  engine  oil  pressure  and  temperature  during 
test  J 

C.  Gradually  increase  the  load  on  the  engine  until  its  speed  is  reduced  to  rated 
load  speed  as  given  in  the  engine  technical  manual 

D.  Read  the  horsepower  on  the  dynamometer 

(NOTE:  On  some  models  a  conversion  chart  or  calculator  is  required  to 
find  horsepower.  Horsepower  can  be  affected  by  testing  conditions  such 
as  altitude,  humidity,  and  temperature.) 

E.  Compare  the  horsepower  with  that  given  in  the  engine  technical  manual 

(NOTE:  Do  not  expect  engines  to  always  equal  these  specifications.  If  the 
engine  "ates  much  lower  than  normal,  this  is  a  signal  that  service  is  needed.) 

F.  While  the  engine  is  operating  und^r  load,  note  the  outlet  of  the  crankcase 
ventilating  system 

G.  Remove  the  crankcase  oil  filter  cap  if  too  much  vapor  appears 

(NOTE:  If  an  excessive  amount  of  vapor  or  smoke  appears  here  as  well 
as  at  the  vent,  there  is  blow-by  in  the  engine  cylinders  and  they  must  be 
reconditioned  before  the  engine  will  perform  at  its  best.) 

H.  Check  engine  technical  manual  for  specified  amount  of  engine  vapor  flow 

(NOTE:  Any  increase  in  flow  over  the  specified  amount  indicates  crankcase 
blow-by.) 

I.  Recondition  the  engine  for  good  operation  if  the  blow-by  is  excessive 

(NOTE:  Even  though  the  engine  develops  its  rated  horsepower  using  a 
normal  amount  of  fuel,  a  tune-up  may  still  improve  its  efficiency.  Consider 
both  hours  of  operation  and  the  conditions  under  which  the  engine  has 
been  operated.  It  is  far  rmore  economical  in  :he  long  run  to  tune  the  engine 
before  a  lack  of  performance  makes  it  mandatory.) 
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DIAGNOSIS  AND  TESTING  OF  ENGINES 
UNIT  II 


I. 


li. 


JOB  SHEET  #2-TEST  ENGINE  CYLINDER  COMPRESSION 


Tools  and  materials 

A.  Basic  hand  tool  set 

B.  Compiession  gouge 

C.  Live  engine 

D.  Safety  glasses 
Procedure 

A.  Warm  up  the  engine  to  operating  temperature 

B.  Remove  the  energy  cells  injectors,  or  injection  nozzles 

C.  Connect  a  pressure  gauge  to  the  cylinder  port  (Figure  1) 


D.  Set  the  engine  speed  control  to  stop  position 

E.  Turn  the  engine  with  the  starter  until  the  pressure  gauge  registers  no  further 
rise  in  pressure 

(NOTE:  It  is  a  good  practice  to  count  the  number  of  compression  strokes, 
indicated  by  movement  of  the  gauge  needle,  and  check  each  cylinder  with 
the  same  number  of  strokes.  The  engine  must  be  at  full  cranking  speed 
or  as  specified  in  appropriate  service  manual  to  get  a  good  reading.) 


FIGURE  1 
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Check  the  pressure  reading  against  the  engine  technical  manual 

(NOTE:  Low  pressure  indicates  leakage  through  valves,  rings,  or  gaskets. 
Variations  in  cylinder  pressures  of  more  than  10%  usually  indicate  a  need 
for  cylinder  reconditioning.) 
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UNIT  II 


JOB  SHEET  #3-CHECK  AIR  INTAKE  SYSTEM  FOR  RESTRICTION 


L    Tools  and  materials 

A.  Basic  hand  tool  set 

0 

B.  Live  engine 

C.  Water  filled  manometer 

{NOTE:  A  vacuum  gauge  can  also  be  used  to  make  this  check.) 

D.  Pipe  tee 

E.  Shop  towels 

F.  Safety  glasses 
II.  Procedure 

A.    Check  air  intake  system  for  restriction  on  a  naturally  aspirated  engine 

1.       Connect  manometer  to  manifold  that  does  not  have  a  restriction 
indicator 

a.     Connect  manometer  to  side  of  intake  manifold  near  middle 
of  manifold  (Figure  1) 

(NOTE:  If  a  plug  is  not  provided  in  the  manifold  intake 
area,  make  reading  as  close  to  engine  as  possible  in  intake 
piping.) 
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JOB  SHEET  #3 

b.  Start  engine  and  bring  to  normal  operating  temperature  and 
governed  speed 

c.  Check  the  normal  air  inlet  vacuum  at  various  speeds  (no  load) 

d.  Compare  results  with  the  engine  technical  manual  operating 
specifications 

2.  Connect  manometer  to  manifold  with  restriction  indicator 

a.  Remove  the  indicator 

b.  Install  a  pipe  tee  fitting 

c.  Reinstall  the  indicator 

d.  Connect  the  gauge  to  the  tee  fitting 

e.  Start  engine  and  bring  to  normal  operating  temperature  and 
governed  speed 

f.  Check  the  normal  air  inlet  vacuum  at  various  speeds  (no  load) 

g.  Compare  results  with  the  engine  technical  manual  operating 
specifications 

3.  Check  the  operation  of  the  air  restriction  indicator,  if  used 

a.  Use  a  board  or  metal  plate  to  slowly  cover  the  air  intake 
opening 

b.  Note  the  action  of  the  indicator  in  relation  to  the  reading 
on  the  gauge 

c.  Replace  indicator  if  it  does  not  operate  properly 
B.    Check  air  intake  system  for  restriction  on  a  turbocharged  engine 

1.  Connect  manometer  to  air  intake  pipe 

(NOTE:  Connection  should  be  made  about  2"  upstream  from 
♦urbocharger  inlet,  in  a  straight  section  of  pipe.) 

2.  Start  engine  and  bring  to  normal  operating  temperature  and  at 
governed  speed 
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JOB  SHEET  #3 


3.  Measure  the  restriction  when  engine  is  under  full  !oad 

(NOTE:  On  some  engines  you  may  remove  the  air  cleaner  and 
ducting  and  note  the  gauge  readings  at  various  speeds;  the 
difference  between  the  two  readings,  with  and  without  the  air 
cleaner  and  ducting,  is  the  actual  restriction  caused  by  the  air 
cleaning  and  ducting.) 

4.  Compare  results  with  the  engine  technical  manual  operating 
specifications 
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DIAGNOSIS  AND  TESTING  OF  ENGINES 
UNIT  II 

JOB  SHEET  #4--CHECK  CRANKCASE  PRESSURE,  EXHAUST  BACK  PRESSURE, 

AND  AIR  BOX  PRESSURE 


I.    Tools  and  materials 


A. 

Basic  hand  tool  set 

B. 

Live  engine 

C. 

Water  filled  manometer 

D. 

Mercury  filled  manometer 

E. 

1/8"  pipe  plug 

F. 

Small  tap  and  die  set 

G. 

Shop  towels 

H. 

Safety  glasses 

Procedure 

A. 

Check  crankcase  pressure 

1.       Connect  water  manometer  to  ine  oil  dipstick  opening  in  the 
cylinder  block  (Figure  1) 
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2.  Operate  the  engine  at  manufacturer's  rated  load  speeds  and  note 
the  readings  obtained 

3.  Compare  the  readings  to  specifications  in  the  engine  technical 
manual  operating  conditions 

B.    Check  exhaust  back  pressure 

1.  Remove  1/8"  pipe  plug  in  exhaust  manifold 

(NOTE:  If  no  opening  is  provided,  drill  an  11/32"  hole  in  exhaust 
manifold  companion  flange  and  tap  the  hole  to  accomodate  a 
1/8"  pipe  plug.) 

2.  Connect  the  mercury  manometer  to  the  exhaust  manifold  (Figure 
2) 

(NOTE:  On  turbocharged  engines  check  the  exhaust  back  pressure 
in  the  exhaust  piping  6"  to  12"  from  the  turbine  outlet.) 


3.  Start  engine  and  operate  to  normal  operating  temperature 

4.  Take  back-pressure  readings  when  engine  is  developing  rated 
horsepower  at  governed  speed 
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5.  Add  reading  of  mercury  in  both  columns  for  final  figure(Figure 

Example:  If  mercury  is  1  inch  high  in  left  column  and  1 
inch  low  in  right  column,  there  is  2  inches  of 
pressure;  if  mercury  is  1  inch  high  in  right  column 
and  1  inch  low  in  left  column,  there  is  2  inches 
of  vacuum 

6.  Check  the  engine  technical  manual  operating  conditions  for 
maximum  permissible  back  pressure 

C.    Check  air  box  pressure 

1.  Connect  manometer  to  an  air  box  drain  tube 

2.  Operate  the  engine  at  manufacturer's  rated  load  speed  and  note 
pressure  readings 

3.  Compare  readings  with  the  engine  technical  manual  operating 
conditions 
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DIAGNOSIS  AND  TESTING  OF  ENGINES 
UNIT  II 


NAME 


TEST 


Match  the  terms  on  the  right  to  the  correct  defi 

 ^a.  In  engine  service,  the  use  of  instruments 

to  troubleshoot  the  engine  parts  to 
locate  the  cause  of  failure 

 b.  I  nstru me n t  for  measu ri n g  the  power 

output  of  an  engine  by  applying  a  load 
to  the  engine,  thereby  testing  the 
horsepower  and  torque 

 ^c.  Instrument  used  to  check  the  air  intake 

system  of  an  engine 

 d.  Instrument  using  mercury  or  water  in  a 

U-tube,  indicating  positive  or  negative 
(vacuum)  pressure  by  the  difference  in 
height  of  the  two  columns 

 ^e.  Device  nrieasuring  speed  of  rotation 


 f.,  Instrument  for  measuring  temperatures 

beyond    the    range    of   a  mercurial 
thermometer 

List  seven  steps  in  diagnosing  and  testing  an  engi 


a. 

b. 
c. 
d, 
e. 

f. 


1.  Vacuum  gcuge 

2.  Diagnosis 

3.  Tachometer 

4.  Manometer 

5.  Dynamometer 

6.  Pyrometer 
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3,  List  four  major  checkpoints  when  inspecting  a  diesel  engine, 
a. 

b. 
c. 
d, 

4,  List  five  major  checks  to  make  when  operating  the  engine, 
a. 

b, 
c. 
d. 
e, 

5,  List  six  tests  that  are  made  with  a  dynamometer, 
a. 

b, 
c. 

d,  ^ 

e, 

f. 

6,  Name  three  factors  necessary  for  the  engine  to  produce  horsepower,  t 
a. 

b. 
c, 

7,  Select  the  possible  causes  of  a  diesel  engine  being  hard  to  start  or  will  not  start  by 
placing  an  X"  in  the  appropriate  blanks. 

 a.  Low  cranking  speed 

 b.  Faulty  nozzle  operation 

 ^c.  Cracked  or  eroded  distributor  rotor 

d.  Defective  coil  or  condenser 
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e.  Air  in  fuel  system 


f.   Improper  timing 


g.  Water  or  dirt  in  fuJl  or  dirty  filters 


h.  Too  heavy  oil  in  air  cleaner 


i.   No  fuel  or  improper  fuel 


j.   Faulty  injection  pump 


Select  the  possible  causes  of  a  diesel  engine  starting  but  not  running  by  placing  an 
"X"  in  the  appropriate  blanks. 

a.  Dirt  in  fuel 


b.  Air  restrictions 


c»  Clogged  filter 


d.  Defective  coil  or  condenser 


Select  the  items  which  would  cause  a  diesel  engine  to  misfire  by  placing  an 
"X"  in  the  appropriate  blanks. 

a.  Water  or  dirt  in  fuel 


b.  Gasoline  in  diesel  fuel 


c.  Cracked  distributor  cap 


d.  Air  in  fuel  system 


e.  Faulty  nozzle  operation 


f.   Faulty  injection  pump 


g.  Nozzles  not  seated  properly  in  cylinder  head 


Select  the  items  which  would  cause  a  diesel  engine  to  knock  by  placing  an  "X" 
in  the  appropriate  blanks. 

 a.  Improper  injection  pump  timing 


b.  Worn  engine  bearings  or  bushings 


c.  Excessive  crankshaft  end  play 


d.  Loose  bearing  caps 


e.  Foreign  material  in  cylinder 


f.   Restricted  fuel  line 
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Select  the  items  which  would  cause  a  diesel  engine  to  overheat  by  placing  an 
"X"  in  the  appropriate  blanks. 

 a.  Defective  radiator  cap 

 b.  Radiator  fins  bent  or  plugged 

 ^c.  Defective  thermostat 

 d.  Insufficient  coolant 

 e.  Loose  fan  belt 

 f.  Cooling  system  limed  up 

 g.  Overloaded  engine 

 h.  Faulty  engine  timing 

 I.  Distributor  advance  mechanism  stuck 

 j.  Engine  low  on  oil 

 k.  Wrong  type  of  fuel 

 I.  Faulty  shutter  operation  {if  used) 


Select  the  items  which  would  cause  a  diesel  engine  to  have  lack  of  power  by 
placing  an  "X*'  in  the  appropriate  blanks. 


a.  Air  cleaner  dirty  or  otherwise  obstructed 

b.  restricted  air  flow  in  intake  system 
_c.  Restriction  in  fuel  lines  or  filters 

"S. 

_d.  Wrong  type  of  fuel 

_e.  Frost  at  fuel-lcck  strainer 

_f.  Governor  grinds 

^g.  Distributor  points  buri^'^d 

_h.  Incorrect  carr.shsfi  timing 

_i.  Low  coerating  temperature 

J.  Faulty  injection  pump  delivery 

_k.  Improper  hitching  or  jelting  of  machine 

J.  Valve  failure 
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 m.  Incorrect  valve  tappet  clearance 

 n.  Low  engine  speed  ^  , 

 o.  Crankcase  oil  too  heavy 

 p.  Low  compression 

13»       Select  the  items  which  would  cause  a  diesel  engine  to  use  too  much  oil  by 
placing  an  "X"  in  the  appropriate  blanks. 

 a.  Crankcase  oil  "too  light 

 b.  Worn  pistons  and  rings 

 ^c.  Worn  valve  guides  or  stem  oil  seals 

 d.  Loose  connecting  rod  bearings 

 e.  External  oil  leaks 

 f.  Oil  pressure  too  high 

 g.  Engine  speed  too  high 

 h.  Crankcase  ventilator  pump  not  working 

 i.  Restricted  air  intake  or  breather 

 j.  Excessive  oil  in  rocker  arm  assembly 

 k.  Oil  pressure  too  low 

14.  Name  two  causes  of  high  oil  pressure, 
a. 

b. 

15.  List  five  causes  of  low  oil  pressure, 
a. 

b. 

0. 

d. 
e. 

16.  Complete  a  diesel  troubleshooting  guide. 

1128 


Demonstrate  the  ability  to: 

a.  Load  test  an  engine  with  a  dynamometer. 

b.  Test  engine  cylinder  compression. 

c.  Check  air  Intake  system  for  restriction. 

d.  €heck  crankcase  pressure,  exhaust  back  pressure,  and  air  box  pressure. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask 
your  instructor  when  they  should  be  completed.) 
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DIAGNOSIS  AND  TESTING  OF  ENGINES 
UNIT  II 


ANSWERS  TO  TEST 

1.  a.  2 

b.  5 

c.  1 

d.  4 

e.  3 

f.  6 

2.  a.  Know  the  system 

b.  Ask  the  operator 

c.  Operate  the  machine 

d.  Inspect  the  machine 

e.  List  the  possible  causes 

f.  Reach  a  conclusion 

g.  Test  your  conclusion 

3.  a.  Water  system 

b.  Oil  system 

c.  Fuel  system 

d.  Electrical  system 

4.  Any  five  of  the  following: 

a.  Gauge  readings 

b.  Unusual  sounds  (where?  at  what  speed?) 

c.  Smells  (any  signs  of  unusual  exhaust) 

d.  Smoke 

e.  Controls 
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f.  Power  under  load 

g.  Idle  speed 

h.  Battery  condition 

i.  Alternator  or  generator  output 

5.  Any  six  of  the  following: 

a.  Engine  horsepower 

b.  Exhaust  smoke  analysis 

c.  Fuel  consumption 

d.  Crankcase  blow-by 

e.  Air  cleaner  restriction 

f.  Oil  pressure 

g.  Clutch  operation 

h.  Exhaust  temperature 

i.  Air  box  pressure 
j.     Exhaust  pressure 

6.  a.     Fuel-air  mixture 

b.  Compression 

c.  Ignition 

7.  a,  b,  e,  f,  g,  i,  j 

8.  a,  b,  c 

9.  a,  b,  d,  e,  f,  g 

10.  a,  b,  c,  d,  e 

11.  a,  b,  c,  d,  e,  f,  g,  h,  j,  k,  I 

12.  a,  b,  c,  d,  h,  i,  j,  I,  m,  n,  o,  p 

13.  a,  b,  c,  d,  e,  f,  g,  h,  i,  j 

14.  Any  two  of  the  following: 

a.  Stuck  relief  valve 

b.  Defective  press  jre  gauge 
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16. 
17. 


c.  Wrong  oil  pump 

d.  Oil  to  thick 

Any  five  of  the  following: 

a.  W0..1  bearings 

b.  Poor  relief  valve  seating 

c.  Too  light  oil 

d    Worn  oii  pump 

e.  Engine  low  on  oil 

f.  Loose  connection  or  leaky  seals  at  oil  filter,  pump,  or  cooler 

g.  Defective  oil  pressure  gauge 

h.  Dilution  of  oil 

Evaluated  to  the  satisfaction  of  the  instructor 

Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 
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TUNE  UP  AND  ADJUSTMENT 
UNIT  III 


UNIT  OBJECTIVE 


After  completion  of  unit,  the  student  should  be  ahle  to  tune-up  and  service  a  diesel 
engine.  This  knowledgt  .,11  be  evidenced  through  demonstration  and  by  scoring  eighty-five 
percent  on  the  unit  test. 


SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Define  terms  associated  with  tune-up  and  adjustment. 

2.  List  five  major  items  to  include  in  a  visual  inspection  checklist. 

3.  Demonstrate  the  ability  to: 

a.  Tune-up  and  service  a  diesel  engine. 

b.  Tune-up  a  Cummins  diesel  engine. 

c.  Tune-up  a  General  Moto»'s  diesel  engine. 

d.  Tune-up  a  Caterpillar  diesel  engine. 
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TUNE-UP  AND  ADJUSTMENT 
UNIT  l!l 


SUGGESTED  ACTIVITIES 


I.  Instructor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  information  and  job  sheets. 

C.  Discuss  unit  and  specific  objectives, 

D.  Discuss  information  sheet. 

E.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

F.  Discuss  procedures  for  stopping  .a  "run-away"  engine 

G.  Discuss  three  valve  adjustment  methods. 

H.  Give  test. 

II.  Student: 

A.  Read  objective  sheet. 

B.  Study  information  sheet. 

C.  Complete  job  sheets. 

D. .  Take  test. 


INSTRUCTIONAL  MATERIALS 


I.    Included  in  this  unit: 


Objective  sheet 


Information  sheet 


Job  sheets 


1. 


Job  Sheet  #1 -Tune-Up  and  Service  a  Diesel  Engine 


2. 


Job  Sheet  #2-Tuiie-Up  a  Cummins  Diesel  E»^'^ine 


3. 


Job  Sheet  #3-Tune-Up  a  General  Motors  Diesel  Engine 


4. 


Job  Sheet  #4-Tune-Up  a  Caterpillar  Diesel  Engine 


D.  Test 

E.  Answers  to  test 
References: 

A.  Kates,  Edgar  J.,  and  Luck,  William  E.  Diesel  and  High  Compression  Gas 
Engines.  Chicago:  American  Technical  Society,  1974, 

B.  Fundamentals  of  Service:  Engines.  Moline,  Illinois:  Deere  and  Company, 
1972. 

C.  Service  Manual,  Detroit  Diesel  Engines.  Detroit,  Michigan:  Detroit  Diesel 
Allison,  1975. 

D.  Cummins  Engine  Company  Shop  Manual.  Columbus,  Indiana:  Cummins 
Engine  Company,  1974. 

E.  Engine  Service  Manual.  Peoria,  Illinois:  Caterpillar  Tractor  Company,  1972. 
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TUNE-UP  AND  ADJUSTMENT 
UNIT  III 

INFORMATION  SHEET 

I.    Terms  and  definitions 

A.  Tune-up-Process  of  makmg  checks  and  m.nor  adjustments  to  improve  the 
operation  of  the  engine 

(NOTE:  Some  companies  consider  tune-uo  to  be  preventive  maintenance.) 

B.  Service-To  clean,  mspect,  adjust,  lubricate,  or  repair  a  component  or  part 
as  needed 

C.  Replace-To  install  a  new  or  rebuilt  component  or  part 
II.    Visual  inspection  checklist 

(NOTE:  Engine  should  be  kept  as  clean  as  possible.) 

A.  Oil  and  water  leakage 

B.  Electrical  system 

C.  Cooling  syctem 

D.  Air  intake  system 

E.  Kuel  system 


> 
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TUNE-UP  AND  ADJUSTMENT 
UNIT  III 


JOB  SHEET  #1"TUNE-UP  AND  SERVICE  A  DIESEL  ENGINE 


I.    Tools  and  materials 


A. 

Basic  hand  tool  set 

B. 

Compression  tester  with  adapters 

C. 

Approptiate  engine  special  tools 

D. 

Torque  wrench 

E. 

Nozzle  tester 

F. 

Radiator  and  radiator  cap  tester 

G. 

Thermostat  tester 

H. 

Dynamometer 

1. 

Appropriate  engine  service  manuals 

J. 

Dynamometer  technical  manual 

K. 

Battery  service  manual 

L. 

Safety  glasses 

M.  Procedure 

(NOTE:  In  tlie  spaces  to  the  right  of  each  step,  indicate  the  action  which  was 
taken.  Inspection  is  the  preliminary  step  prior  to  either  servicing  or  replacing 
the  component.  Sen/iced  means  that  the  component  or  component  part  has  been 
cleaned,  insoected,  adjusted,  lubricated  or  repaireci  as  needed.  Replaced  means 
that  new  or  rebuilt  components  or  component  parts  have  been  installed,) 

Ini 

A.    Service  air  intake  and  exhaust  system 

1.  Clean  pre-cleaner  (if  used) 

2.  Remove    and  clean  b,r 
cleaner 

3.  Swab  out  inlet  pipe  in  air 
cleaner  body 

4.  Inspect  exhaust  system  and 
muffler 

5.  Check  crankcase  ventilating 
system  for  restrictions 
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□ 

□ 

□  □  □ 

□  □  □ 

□  □  □ 
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Lispected    Serviced  Replaced 


B.  Service  basic  engine 

1 .  Recheck  ai  r  intake  for 
restrictions 

2.  Check  radiator  for  air 
bubbles  or  oil  indicating 
compression  or  oil  leaks 

3.  Check  for  leakage  at 
cylinder  hear)  gasket 

4.  Retighten  cylinder  head  cap 
screws 

(NOTE::  Refer  to 
appropriate  job  sheet  or 
engine  service  manual.) 

5.  Adjust  valve  clearance 

(NOTE:  Refer  to 
appropriate  job  sheet  or 
engine  service  manual.) 

6.  Check  compression  pressure 
in  each  cylinder 

(NOTE:  Refer  to 
appropriate  job  sheet  or 
engine  service  manual.) 

C.  Service  fuel  system 

1.  Check  fuel  lines  for  leaks  cr 
restrictions 

2.  Clean  fuel  pump  sediment 
bowl 

3.  Test  fuel  pump  pressure 

(NOTE:  Refer  to 
appropriate  job  sheet  or 
engine  service  manual.) 

4.  Check  speed  control  linkage 

5.  Service  diesel  fuel  filters 

6.  Check  diesel  injection  pump 


□ 

□ 

□ 

□ 

□ 

□ 

1 — 1 

u 

u 

i — 1 

LI 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

n 
1  1 

n 

1  ! 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 
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JOB  SHEET  #1 


Inspecieu    Sepyiced  Replaced 


8. 
9. 


(NOTE:  Refer  to 
appropriate  job  sheet  or 
engine    service  manual.) 

Check  and  clean  diesel 
injection  nozzles 

(NOTE:  Refer  to 
appropriate  job  sheet  or 
engine  service  manual.) 

Bleed  diesel  fuel  system 

Check  diesel  injection  pump 
timing 

(NOTE:  Refer  to 
appropriate  job  sheet  or 
engine  service  manual.) 


Service  lubrication  system 
1. 


Check  operation  of  pressure 
gauge  or  light 


2. 
3. 


Service  oil  filter 

Check  condition 
crankcase  oil 


of 


4.       Check  engine  oi!  pressure 
Service  cooling  system 
1. 


2. 

3. 

4. 

5. 

6. 


Check  water  pump  for  leaks 
and  excessive  shaft  end  play 

Inspect  radiator  hoses 

Clean  and  flush  cooling 
system 


Test  thermostat 
pressure  cap 


and 


Test  radiato''  for  leaks 
Check  condition  of  fan  belt 


□  □  □ 


□ 
□ 


□ 
□ 


□ 
□ 


□ 
□ 


□  □  □ 


□ 

□ 

□ 
□ 


□ 
□ 


F.    Service  electrical  system 
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1.  Service  battery 

a.  Clean  battery,  cable, 
terminals,  and  battery 
box 

b.  Tighten  battery  cables 
and  battery  hold-down 

c.  Check  specific  gravity 
of  electrolyte  and  add 
water  to  proper  level 

d.  Make  high  discharge  or 
load  test  of  batteiy 
condition 

(NOTE;  Refer  to 
appropriate  job  sheet  or 
battery  service  manual.) 

2.  Service  generator  or 
alternator 

a.  Check  belt  tension 

b.  Test  alternator  or 
generator  output 

(NOTE:  Refer  to 
appropriate  job  sheet  or 
engine  service  manual.) 

3.  Service  starting  circu.t 

a.  Check  safely  starter 
switch 

b.  Check  current  draw  of 
starting  motor 

4.  Service  clutch  free 
travel-Check  free  travel  at 
clutch  pedai  or  lever  (if 
ured) 

(NOTE:  Refer  to 
approoriate  service  inanual.) 


Inspected 

Serviced 

Replaced 

□ 

□ 

□ 

□ 

□ 

□ 

1    ■  i 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 
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Inspected    Serviced  Replaced 

Check     engine     performance     by       I     |  r~]  J  J 

conducting    a    load    test    with    a      |  j  j  |  j  j 

dynamometer 

(NOTE:  Refer  to  appropriate  job 
sheet  or  dynamometer  technical 
manual.) 
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TUNE-UP  AND  ADJUSTMENT 
UNIT  III 


ERIC 


JOB  SHEET  #2"TUNE-UP  A  CUMMINS  DIESEL  ENGINE 
I.    Tools  and  materials 


A 

A. 

DdSiC  ridna  XOOl  S6I 

B. 

Cummins  special  toJs 

C. 

Torque  wrench 

D. 

Thickness  gauge 

E. 

Cleaning  solvent 

F. 

Diesel  fuel 

G. 

Shop  towels 

M. 

Safety  glasses 

11.  Procedure 

A.    Adjust  injector 


(NOTE;  Check  the  inside  of  the  covers  for  presence  of  water 
condensation.) 

3.  Loosen  the  injector  rocker  lever  adjusting  nut  on  all  cylinders 

4.  Rotate  engine  until  th*^  first  "VS"  mark  on  the  pulley  or  damper 
is  aligned  with  the  index  mark  on  the  housing 

b.       Use  an  inch/ib  torque  wrench  and  in  a  near  continuous  motic 
draw  the  injector  adjusting  screw  to  its  specified  torque 

B.    Adjust  valve  crosshead 

1.  Loosen  the  adjusting  screw  lock-nui  and  back  off  the  adjusting 
screw  one  tum 

2.  UsB  light  finger  pressure  at  the  rocker  lever  contact  siirface  to 
hoid  crosshead  in  contact  with  the  valve  stem  nearest  the  pushrod 

3.  Turn  adjusting  screw  down  until  it  contacts  its  mating  valve  stem 


1. 


Remove  hood  if  applicable 


2. 


Remove  valve  cover 
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4.  For  new  crosshead  and  guides,  advance  the  adjusting  screw  20* 
more  to  straighten  the  stem  in  its  guide;  worn  crosshead  may 
be  advanced  30*  to  straighten  tM  stem  in  its  guide 

5.  Hoid  the  adjusting  screw  in  this  position  and  tighten  locknut  to 
specified  torque 

Adjust  valve 

(NOTE:  On  engines  equipped  with  compression  release  apparatus  be  sure 
that  the  shaft  is  properly  adjusted  before  adjusting  valves.) 

1.  Loosen  rocker  arm  locknuts 

2.  Using  a  specified  thickness  gauge,  turn  the  adjusting  screw  to 
obtain  a  good  contact  on  the  thickness  gauge 

3.  Adjust  both  the  intake  and  exhaust  valves 

4.  Tighten  locknuts 

5.  Bar  engine  over  in  direction  of  rotation  and  firing  order,  and  set 
the  rest  of  the  injectors,  crossheads  and  valves 

6.  Install  valve  covers 
Check  fuel  pump  filter  screens 

1.  RerT»ove  cap 

2.  Lift  screens  out  ?.nd  inspect  magnet  for  metal  particles 
(NOTE:  Large  particles  show  excessive  wear  in  gear  pump,) 

3.  Clean  screen 

4.  Reinstall  and  torque  to  specified  limits 
Adjust  engine  idle  speed 

1.       Low  idle 


a.     Attach  tachometer  to  the  drive  outlet  on  top  of  the  fuel 


pump 
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b.  Remove  pipe  plug  from  spring  pack  cover 

c.  Set  engine  idle  to  manufacturer's  specifications 

(NOTE:  Engine  idle  speed  may  change  when  the  housing 
fills  with  fuel.) 

Adjust  high  idle 

a.  Attach  tachometer  to  the  drive  outlet  on  top  of  the  fuel 
pump 

(NOTE:  If  high  idle  has  to  be  changed,  consult  the 
appropriate  shop  manual  or  service  bulletin.) 

b.  Shut  engine  down 

c.  Remove  spring  pack  cover 

d.  Remove  snap  ring 

e.  Increase  or  decrease  shims  to  regulate  engine  speed.  Each 
.001  inch  shim  will  increase  or  decrease  engine  speed  by  2 
rpm 

(NOTE:  Never  set  maximum  speed  to  please  an  operator.) 
Check  pump  operation 

a.  Check  manifold  pressure 

1)  Install  gauge  at  the  shut-off  valve 

2)  Operate  engine  400  rpm  below  governed  speed 

3)  Accelerate  to  governed  speed 

4)  Observe  gauge  for  specified  pressure 

b.  Check  inlet  restriction 

1)  Install  vacuum  gauge  bf  gear  pump  inlet 

2)  Operate   warmed   up   engine  5  minutes  after 
installation  of  gauge 

3)  ^  Observe  gaugo  readings 

(NOTE:  Headings  should  not  exceed  8''  to  8.5" 
vacuum.) 
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c.    Check  suction  side,  air  leakage 

1)  Shut  down  engine 

2)  Install  sight  gauge  on  pump  inlet  side  and  operate 
engine 

3)  Check  for  air  bubbles 

(NOTE:  Bubbles  indicate  an  air  leak,) 
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UNIT  Ml 


JOB  SHEET  #3..TUNE-UP  A  GENERAL  MOTORS  DIESEL  ENGINE 
Tools  and  materials 


A.  Basic  hand  tool  set 

B.  Cleaning  solvent 

C.  GM  diesel  special  tune-up  tools 

D.  Torque  wrench 

E.  Thickness  gauge 

F.  Shop  towels 

G.  Diesel  fuel 

H.  Engine  service  manual 

I.  Safety  glasses 
Procedure 

A.    Adjust  exhaust  valve  clearance 

1,       Adji     valves  on  cold  engine 


a.  .-Remove  loose  c\'\^t  from  valve  rocker  cover 

b.  Remove  the  cover 

c.  Place  governor  speed  control  lever  in  the  idle  speed  oositi  jn 

d.  Position  engine  by  rotating  the  crankshaft  until  the  jector 
follower  is  fully  depressed  on  the  cylinder  to  be  adjusted 

{CAUTION:  When  using  a  wrench  on  the  crankshaft  bolt 
at  ^he  front  of  the  engine,  do  not  turn  the  crankshaft  in 
a  left-hand  direction  of  rotation  as  the  bolt  will  be  loosened.) 

e.  Loosen  the  exhaust  valve  rocker  arm  pushrod  locknut 


JOB  3HEET  #3 


g.  Adjust  the  pushrcd  to  obtain  a  smooth  pull  on  feeler  gauge 

h.  Remove  feeler  gauge,  hold  the  pushrod  with  a  5/16"  wrench 
and  tighten  the  locknut  with  a  1/2"  wrench 

i.  Recheck  the  clearance 

(NOTE:  If  the  adjustment  is  correct,  the  .011"  feeler  gauge 
will  pass  freely  between  the  valve  stem  and  valve  rocker  arm 
but  the  .013  feeler  gauqe  will  not  pass  through.  This  is 
referred  to  as    go-no  go*  measurement.) 

j.      Rotate  engine  in  the  direction  of  travel  and  adjust  remaining 
valves  in  same  manner  as  above 

(CAUTION:  Remove  device  used  to  bar  engine  before 
starting.) 

2.       Adjust  valves  on  hot  engine 

a.     Start  engine  and  bring  to  normal  operating  temperature 


b.     Recheck  exhaust  valve  clearance  with  feeler  gauge 

(NOTE:  Valve  clearance  will  decrease  when  engine  is  hot, 
therefore,  "go-no  go"  clearance  will  be  .008"  and  .010") 
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Readjust  the  pushrod,  if  necessary 


d.    Adjust  and  check  the  remaining  exhaust  valves  in  the  same 
manner  as  above 

B.    Time  fuel  injector 

(NOTE:  Adjust  the  exhaust  valve  clearance  before  timing  injectors.), 
1.       Place  governor  speed  control  lever  in  idle  speed  position 

(NOTE:  Secure  stop  lever  in  stop  position,  if  used.) 
^*       Rotate  the  crankshaft,  manually  or  with  the  starting  motor  until 
to  be  tfmed'  ""^  ''''''''''  °"       particular  cylinder 

frnni^T^f°!i'  "''^l''^  "'^^  °"  ctankshaft  bolt  at  the 
f  ont  cf  the  engine,  do  not  turn  the  crankshaft  on  a  left-hand 
direction  rotation  or  the  bolt  may  be  loosened.) 

3.  Place  the  small  end  of  the  injector  timing  gauge  in  the  hole 
provided  in  the  top  of  the  injector  body  wi?h  ?he  flat  of  the 
gauge  toward  the  injector  follower  (Figure  2) 

FIGURE  2 


Rocker  Ar 


Push  Rod 


iming  Gauge 
Injector  Follower 


Lock  Nut 


(NOTE:  Refer  to  service  manual  for  correct  timing  gauge  and 
timing  dimension  for  the  injector  being  timed.) 
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4.  Loosen  the  injector  rocker  arm  pushrod  locknut 

5.  Turn  the  pushrod 

6.  Adjust  the  injector  rocker  arm  until  the  extended  part  of  the 
gauge  will  just  pass  over  the  top  of  the  injector  follower 

7.  Hold  the  pushrod 

8.  Tighten  the  locknut 

{NOTE:  Check  the  adjustment  and,  if  necessary,  readjust  the 
pushrod.)  ^ 

9.  Time  the  remain..:g  injectors  in  the  same  manner  as  outlined  above 
10.       Install  the  valve  rocker  cover,  using  a  new  gasket 

C.     Adjust  limiting  speed  mechanical  governor  and  injector  rack  control 

(NOTE:  These  procedures  should  be  completed  after  adjusting  the  exhaust 
valves  and  timing  the  fuel  injectors.) 

1.       Adjust  governor  gap-Single  weight  governor 

a.  Start  engine  and  bring  to  operating  temperature 

b.  Stop  engine 

c.  Loosen  the  lever  and  disconnect  the  fuel  modulator,  the 
power  control  device,  the  load  limiting  device,  or  the  air 
cylinder  link,  if  the  engine  is  so  equipped 

d.  Remove  the  two  attaching  bolts 

e.  Withdraw  the  governor  high  speed  spring  retainer  cover 
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Back  out  the  buffer  screw  until  it  extends  approximately 
5/8    from  the  locknut  (Figure  3) 


g.  Start  the  engine 

h.  Loosen  the  idle  speed  adjusting  screw  locknut 

i.  Adjust  the  idle  screw  to  obtain  the  desired  idle  speed 

j.      Hold  the  screw  and  tighten  the  locknut  to  retain  the 
adjustment 

(NOTE:  The  recommended  idle  speed  is  550  rpm  for  single 
weight  governors,  but  may  vary  with  special  engine 
applications.) 

k.     Stop  the  engine 

I.      Remove  the  governor  cover  and  lever  assembly 

m.    Clean  and  remove  the  valve  rocker  cover 

n.     Remove  the  fuel  rod  from  the  differential  lever  and  the 
injector  control  tube  lever 


FIGURE  3 


uel  Rod 


Buffer  Screw' 
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o.     Check  the  gap  between  the  low  speed  spring  cap  and  the 
high  speed  spring  plunger  with  gauge  (Figure  4) 

FIGURE  4   l^^i^kig^^  \ 


p.     Loosen  the  locknut  and  turn  the  gap  adjusting  screw  until 
a  slighx  drag  is  felt  on  the  gauge,  if  required 

q.     Hold  the  adjusting  screw 

r.     Tighten  the  locknut 

s.     Recheck  the  gap  and  readjust  if  necessary 

t.     Install  the  fuel  rod  bntween  the  governor  and  injector  control 
tube  lever 

u.  Install  the  governor  cover  and  lever  assembly 
Adjust  governor  gap  on  a  double  weiqht  governor 

a.  Start  engine 

b.  Bring  to  operating  temperature 

c.  Stop  engine 

d.  Remove  the  two  attaching  bolts 

e.  Withdraw  the  governor  high  speed  spring  retainer  cover 

f.  Back  out  the  buffer  screw  until  it  extends  approximately 
5/8    from  the  locknut  (Figure  3) 


Spring  Plunger 


Spring  Cap 
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g.  Start  the  engine 

h.  Loosen  the  idle  speed  adjusting  screw  locknut  (Figure  5) 


FIGURES 


Idle  Speed  Locknut 

i.     Adjust  the  idle  screw  to  obtain  the  desired  idle  speed 

j.      Hold  the  screw  and  tighten  the  locknut  to  retain  the 
adjustment 

(NOTE:  The  recommended  idle  speed  is  450  rpm  for  double 
weight  governors,  but  may  vary  with  special  engine 
applications.) 

k.     Stop  the  engine 

I.      Remove  the  governor  cover  and  lever  assemble 
m.    Clean  and  remove  the  valve  rocker  cover 

n.     Remove  the  fuel  rod  from  the  differential  lever  and  the 
injector  control  tube  lever 

0.     Start  and  run  the  engine  between  800  and  1000  rpm  by 
manual  operation  of  the  control  tube  lever 

(CAUTION:  Do  not  overspeed  the  engine.) 


ERLC 


1152 


76G 


JOB  SHEET  #3 


p.     Check  the  gap  between  the  low  speed  spring  cap  and  the 
high  speed-- plunger  with  a  .0015"  feeler  gauge  (Figure  5) 

(NOTE:  If  the  gap  setting  is  incorrect,  loosen  the  locknut 
and  adjust  the  gap  adjusting  screw.) 

q.     Hold  the  gap  adjusting  screw 

r.     Tighten  the  locknut 

s.     Recheck  the  governor  gap 

t.     Stop  the  engine 

u.     Install  the  fuel  rod  between  the  differential  lever  and  the 
control  tube  lever 

V.     Install  the  governor  cover  and  lever  assembly 
D.    Position  injector  rack  control  levers 

1.  Disconnect  any  linkage  attached  to  the  governor  speed  control 
lever 

2.  Loosen  the  idle  speed  adjusting  screw  locknut 

3.  Back  out  the  idle  speed  adjusting  screw  until  1/2"  of  the  threads 
project  from  the  locknut  when  the  nut  is  against  the  high  speed 
plunger 

4.  Loosen  all  of  the  inner  and  outer  injector  rack  control  lever 
adjusting  screws 

(NOTE:  On  engines  equipped  with  a  yield  link  type  fuel  rod, 
attach  a  small  "C"  clamp  at  the  shoulder  of  the  rod  to  prevent 
the  yield  spring  from  compressing  while  adjusting  the  injector  rack 
control  levers.) 

5.  Move  the  governor  speed  control  lever  to  the  full-fuel  position 

6.  Hold  the  lever  in  that  position  with  light  finger  pressure 

7.  Turn  the  inner  adjusting  screw  on  the  nc.  1  injector  rack  control 
lever  down  until  a  slight  movement  of  the  control  tube  is  observed 
or  a  step  up  in  effort  is  noted. 

(NOTE:  This  will  place  the  no.  1  injector  rack  in  the  full-fuel 
position.) 

8.  Turn  the  outer  adjusting  screw  down  until  it  bottoms  lightly  on 
the  injector  control  tube 
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Alternately  tighten  both  the  inner  and  outer  adjusting  screws 

(CAUTION:  Overtightening  of  the  injector  rack  control  lever 
adjusting  screws  during  installation  or  adjustment  can  result  In 
damage  to  the  injector  control  tube.  The  recommended  torque 
of  the  adjusting  screws  in  24-36  in -lbs.) 

Hold  the  speed  control  lever  in  the  full-fuel  position 

Press  down  on  the^  injector  rack  with  a  screwdriver  or  finger  tip 
and  note  "rotating"  movement  of  the  injector  control  rack  when 
the  speed  control  lever  is  in  the  full-fuel  position  (Figure  6) 


Hold  the  speed  control  lever  in  the  full-fuel  position 


(NOTE:  The  rack  should  tilt  downward  and  when  the  pressure  * 
of  the  screw  drive  is  released,  the  control  rack  should  "spring" 
back  upward.  See  Figure  7.) 


FIGURES 


Injector  Control  Rack 


13. 


Use  a  screwdriver  to  press  downward  on  the  in jector  control  rack 


FIGURE  7 
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14.  Check  to  see  if  rack  returns  to  its  original  position 

(NOTE:  If  it  is  too  loose,  back  off  the  outer  adjusting  screw 
slightly  and  tighten  the  inner  adjusting  screw  slightly.  If  too  tight, 
back  off  the  inner  adjusting  screw  slightly  and  tighten  the  outer 
adjusting  screw  slightly.) 

15.  Disconnect  the  fuel  rod  from  the  injector  control  tube 

16.  Hold  the  No.  1  injector  in  the  fulUfuel  position 

17.  Turn  down  the  inner  adjusting  screw  of  the  No.  2  injector  until 
the  injector  rack  has  moved  into  the  full-fuel  position  and  the 
inner  adjusting  screw  is  bottomed  on  the  injector  control  tube 

18.  Turn  the  outer  adjusting  screw  down  until  it  bottoms  lightly  on 
the  injector  control  tube 

19.  Alternately  tighten  both  the  inner  and  outer  adjusting  screws 

20.  Recheck  the  No.  1  injector  rack  to  be  sure  that  it  has  remained 
snug  on  the  ball  end  of  the  injector  rack  control  lever  while 
adjusting  the  No.  2  injector 

^  «°T.^*         ^^^^  ^  injector  has  become  loose,  back 

off  slightly  on  the  inner  adjusting  screw  on  the  No.  2  injector 
rack  control  lever  and  tighten  the  outer  adjusting  screw.  When 
the  settings  are  correct,  the  racks  of  both  injectors  must  be  snug 
on  th^-  ball  end  of  their  respective  rack  control  levers.) 

21.  Position  the  remaining  injector  rack  control  levere 

22.  Connect  the  fuel  rod  to  the  injector  control  tube  lever 

23.  Turn  the  idle  speed  adjusting  screw  in  until  it  projects  3/16"  from 
the  locknut  to  permit  starting  the  engine 

24.  Tighten  the  locknut 

(NOTE:  Remove  the  C  clamp  from  the  fuel  rod  on  units  equipped 
with  a  yield  link.) 

Adjust  maximum  no-load  engine  speed 

1.       Loosen  the  locknut 
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2. 


Back  off  the  high  speed  spring  retainer  approximately  five  turns 
(Figure  8) 


FIGURE  8 


Speed  Control  Lever 


Lock  Nut 


Spring  Retainer 


3. 

4. 

5. 
6. 


Place  the  speed  control  lever  in  the  full-fuel  position  with  the 
engine  at  operating  temperature  and  no-load  on  the  engine 

Turn  the  high  speed  spring  retainer  in  until  the  engine  is  operating 
at  tne  recommended  no-load  speed 

Hold  the  high  speed  spring  retainer 

Tighten  the  locknut 


Adjust  idle  speed 
1. 


3. 
4. 
5. 
6. 


screw^^       ^^"'^^  housing  to  uncover  the  idle  speed  adjusting 

Turn  the  idle  speed  adjusting  screw  until  the  engine  is  operating 
at  approximately  15  rpm  below  the  recommended  idle  speed 

(NOTE:  The  recommended  idle  speed  is  550  rpm  for  single  weight 
governors  and  450  rpm  for  double  weight  governors,  but  may 
vary  with  engine  applications.) 

Hold  the  idle  screw 

Tighten  the  locknut 

Install  the  high  speed  «,jring  retainer 

Retain  with  the  two  bolts 
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Adjust  buffer  screw 

1.  Turn  the  buffer  screw  in  so  that  it  contacts  the  differential  lever 
as  lightly  as  possible  and  still  eliminates  the  engine  roll  (Figure 
9) 


FIGURE  9 


(NOTE:  Do  not  increase  the  engine  idle  speed  more  than  15  rpm 
MMh  the  buffer  screw.) 

2.  Hold  the  buffer  screw 

3.  Tighten  the  locknut 

4.  Recheck  the  maximum  no-load  speed 

(NOTE:  If  it  has  increased  more  than  25  rpm.  back  off  the  buffer 
screw  until  the  increase  is  less  than  25  rpm  ) 
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JOB  SHEET  #4..TUNE.UP  A  CATERPILLAR  DIESEL  ENGINE 

L   Tools  and  materials 

A.  Basic  hand  tool  set 

B.  Caterpillar  special  tools 

C.  Engine  service  manual 

D.  Shop  towels 

E.  Compressed  air  source 

F.  Feeler  gauge 

G.  Safety  glasses 
11.  Procedure 

A.    Adjust  valve  lash 

(NOTE:  Engine  should  be  run  until  it  reaches  normal  operating 
temperature.)  ^ 

1.  Stop  the  engine 

2.  Clean  the  top  of  the  cylinder  head  and  the  base  of  the  valve 
cover 

?.       Remove  the  brackets  holding  the  lines  to  the  instrument  panel 
gauges  (Figure  1) 


FiGURE  1 


Remove  the  valve  cover 


(NOTE:  Keep  dirt  from  falling  inside  the  engine  block  or  into 
the  valve  mechanism,  as  the  valve  cover  is  removed.) 
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Remove  the  flywheel  housing  timing  cover  (Figure  2) 


Align  the  "TC-1"  timing  mark  with  the  flywheel  housing  timing 
pointer  i  Figure  4) 


FIGURE  4 
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B.       Check  the  No.  1  cylinder  rocker  arms  for  movement  and 
determine  if  the  piston  is  on  compression  or  exhaust  stroke 

(NOTE:  Compression  stroke  indicates  both  inlet  and  exhaust  valve 
rocker  arms  can  be  easily  moved  with  finger  pressure.  With  the 
exhaust  stroke,  only  inlet  valve  rocker  arm  can  be  moved  freely 
with  finger  pressure.) 

9.       Check  the  lash  of  the  appropriate  valves  as  necessary 

{NOTE:  Refer  to  appropriate  service  manual  for  procedures  for 
valve  adjustment.) 

B.    Set  valve  lash 

1.       Loosen  the  locknut  on  the  adjusting  screw 

Turn  the  adjusting  screw  to  obtain  the  proper  lash 


2. 


(NOTE:  Refer  to  appropriate  service  manual  for  proper  lash 
setting.) 

3.       Hold  the  adjusting  screw  and  tighten  the  locknut  {Figure  5) 
FIGURE  5 
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4,  Recheck  the  lash  (Figure  6) 
FIGURE  6 


C.    Check  valve  rotation 

1.  Start  the  engine 

2.  Move  the  governor  control  to  low  idle  position 

3.  Watch  the  serrations  on  each  valve  retainer 

(NOTE:  Each  valve  retainer  should  turn  slightly  each  time  the 
valve  closes.) 

4.  Stop  the  engine 

5.  Inspect  the  valve  cover 

6.  Install  a  new  gasket,  if  necessary 

7.  Install  the  valve  cover 

8.  Install  the  flywheel  housing  timing  cover 
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D,    Check  fuel  injection  pump  timing 

!•       Locate  (TC)  compression  position  for  No.  1  piston  (Figure  7) 
FIGURE  7 


2.       Time  engine  according  to  engine  manufacturer's  specifications 

(NOTE:  Use  timing  procedures  as  outlined  for  the  timing  indicator 
group  or  with  a  fuel  pump  lifter  gauge.) 

E.    Set  fuel  rack,  dial  indicator  and  circuit  tester 

(NOTE:  Always  shut  down  the  engine  before  adjusting  rack  setting.) 


1. 

2. 

3. 
4. 


6. 


Refer  to  rack  setting  information  in  engine  service  manual  to 
obtain  correct  rack  setting  dimension 

Disconnect  the  governor  control  linkage,  at  the  most  convenient 
location 

Remove  the  fuel  ratio  control  from  the  rear  of  the  governor 

Connect  dial  indicator  and  rack  positioning  tool 

(NOTE:  Refer  to  appropriate  service  manual  for  installation  on 
specific  model.) 

Zero  the  dial  indicator 

(NOTE:  Consult  the  appropriate  service  manual  for  installation 
on  specific  models.) 

(CAUTION:  Before  starting  the  engine,  be  sure  the  rack  moves 
freely  throughout  its  entire  length  of  travel.) 

Attach  one  end  of  circuit  tester  to  the  brass  screw  terminal  on 
the  outside  of  the  governor  housing 
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7.  Rotate  the  governor  control  lever  toward  the  fuel-on  direction 
until  the  taster  light  comes  on  bright 

(NOTE:  Depress  the  speed  limiter  to  complete  this  step.) 

8.  Rotate  the  governor  control  lever  toward  the  shutoff  position 
until  the  light  goes  out 

{NOTE:  Rotate  the  lever  slowly.) 

9.  Rotate  slowly  the  governor  control  lever  toward  the  fuel-on 
positson,  until  the  tester  light  just  barely  comes  on 

(NOTE:  Rack  collar  is  now  just  touching  the  stop  bar  or  torque 
spring.) 

10.  Read  the  rack  setting  directly  from  the  dial  indicator 

11.  Adjust  rack  setting,  if  necessary 

(NOTE:  Refer  to  appropriate  service  manual  for  adjustment  of 
rack  setting.) 

Adjust  governor 

(CAUTION:  Only  competent  personnel  should  attempt  to  adjust  the  low 
and  high  idle  rpm.) 

(NOTE:  Consult  the  appropriate  service  manual  for  the  low  and  high  idle 
rpm  and  rack  setting  dimensions.) 

1.  Remove  the  cover  at  rear  of  fuel  ration  control 

2.  Engage  slot  in  cover  with  cross-dowel  in  adjusting  bolt 

3.  Turn  the  adjusting  bolt  in  as  far  as  possible 

(NOTE:  This  prevents  the  head  of  the  bolt  from  limiting  the  travel 
of  the  fuel  rack.) 

4.  Install  rack  positioning  bracket  group  over  the  front  end  of  the 
fuel  rack  and  dial  indicator  in  the  bracket 

5.  Remove  the  plug  from  the  bottom  of  the  governor 

6.  Install  plug 

7.  Use  rod  to  push  in  the  speed  limiter  plunger  through  opening 

8.  Tighten  plug  just  enough  to  hold  rod  in  place 
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9. 
10. 
11. 
12. 


13. 


14. 


15. 
16. 
17. 
18. 
19. 
20. 


JOB  SHEET  #4 

Center  the  rack 

Set  the  dial  indicator  on  zero 

Remove  the  spacer 

Move  governor  control  lever  to  full  load  position  ■ 

(NOTE:  Complete  this  step  with  the  speed  limiter  plunger  held 
m.) 

Hold  the  lever  iti  the  full  load  position  .while  making  the 
adjustment 

Turri  adjusting  bolt  out  with  cover  until  the  proper  dial  indicator 
reading  is  obtained 

(NOTE:  The  '  proper  reading  is  listed  in  the  rack  setting 
information  of  the  appropriate  service  manual.) 

Turn  cover  clockwise  the  amount  necessary  to  align  the  bolt  holds 
install  cover 

Remove  the  rack  positioning  bracket  group  and  dial  indicator 

Install  the  rack  cover 

Remove  plug 

Install  the  standard  plug 

(NOTE:  Refore  starting  the  engine,  make  certain  the  governor 
control  lever  will  move  the  governor  to  the  shutoff  position  and 
that  all  parts  operate  freely.) 
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TUNE-UP  AND  ADJUSTMENT 
UNIT  IV 


NAME 

TEST 


1.  Define  terms  associated  with  tune  up  and  adjustment. 

a.  Tune-up" 

b.  Service- 

c.  Replace*- 

2.  List  five  major  items  to  include  in  a  visual  inspection  checklist. 

.c.  i 
d. 
e. 

3.  Demonstrate  the  ability  to: 

a.  Tune-uo  and  service  a  diesel  engine. 

b.  Tune-up  a  Cummins  diesel  engine. 

c.  Tune-up  a  General  Motors  diesel  engine. 

d.  Tune-up  a  Caterpillar  diesel  engine. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test  ask 
your  instructor  when  they  should  be  completed.) 
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1' 

ANSWERS  TO  TEST 

a.  Process  of  making  checks  and  minor  adjustments  to  improve  the  operation 
of  the  engine, 

b.  To  clean,  inspect,  adjust,  lubricate,  or  repair  a  component  or  part  as  needed. 

c.  To  install  a  new  or  rebuilt  component  or  part 

a.  Oil  and  water  leakage 

b.  Electrical  system 

c.  Cooling  system 

d.  Air  intake  system 

e.  Fuel  system 

Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 
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UNIT  OBJECTIVE 


After  completion  of  this  unit  the  student  should  be  able  to  define  temporary  and  permanent 
engme  storage  and  demonstrate  the  ability  to  prepare  an  engine  for  temporary  storage 
prepare  an  engme  for  permanent  storage,  and  prepare  a  stored  engine  for  service.  This 
knowledge  will  be  evidenced  through  demonstration  and  by  scoring  eighty-five  percent 
or.  the  unit  test. 


SPECIFIC  OBJECTIVES 

« 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Define  terms  associated  with  engine  storage. 

2.  Discuss  the  effects  of  climate  on  an  engine  (n  storage. 

3.  List  five  systems  that  must  be  protected  during  permanent  storage. 

4.  Demonstrate  the  ability  to: 

a.  Prepare  an  engine  for  temporary  storage. 

b.  Prepare  an  engine  for  permanent  storage. 

c.  Prepare  a  stored  engine  for  service. 
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ENGINE  STORAGE 
UNIT  IV 

SUGGESTED  ACTIVITIES 

I.  Instructor: 

A.    Provide  student  with  objective  sheet. 

3.    Provide  student  with  information  and  job  sheetf^. 

C.  Discuss  unit  and  specific  objectives. 

D.  Discuss  information  sheets. 

E.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

F.  Give  test. 
11.  Student: 

A.  Read  objective  sheet. 

B.  Study  information  sheet. 

C.  Complete  job  sheets. 

D.  Take  test. 

INSTRUCTIONAL  MATERIALS 

I.    Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Job  sheets 

1.  Job  Sheet  #1 -Prepare  Engine  for  Temporary  Storage 

2.  Job  Sheet  #2"Prepare  Engine  for  Permanent  Storage 

3.  Job  Sneet  #3-Prepare  a  Stored  Engine  for  Service 

D.  Test 

E.  Answers  to  test 
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ENGINE  STORAGE 
UNIT  IV 


INFORMATION  SHEET 

Terms  and  definitions 

ui  bervice  Trom  four  weeks  to  six  months 
Effects  of  climate  on  an  engine  in  storage 

A.  Unpainted  machine  surfaces  are  subject  to  rust  and  corrosion 

B.  Rate  of  corrosion  varies  with  climatic  condition 
Systems  protected  during  permanent  storage 

A.  Lubricating 

B.  Cooling 

C.  Fuel 

D.  Crankcase 

E.  External  parts 
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ENGINE  STORAGE 
UNIT  IV 

JOB  SHEET  #1--PREPARE  AN  ENGINE  FOR  TEMPORARY  STORAGE 

I.    Tools  and  materials 

A.  Basic  hand  tool  set 

B.  Portable  container  of  diesel  fuel 

C.  Portable  container  of  preservative  oil,  U.S.  Military  Specificatior^  MIL-L-644 
Type  P9 

D.  SAE  #10  lubricating  oil 

E.  Hand  or  power  sprayer 
II.  Procedure 

A.  Start  engine 

B.  Increase  speed  gradually  to  1200  rpm  until  engine  is  thoroughly  warm 

C.  Stop  engine 

D.  Disconnect  both  fuel  lines  at  fuel  supply  tank  (the  line  to  engine  fuel  filter 
and  the  injector  drain  line) 

E.  Fill  two  portable  containers,  one  with  regular  diesel  fuel  and  a  second  with 
preservative  oil,  U.S.  Military  Specification  MlL-L-644  Type  P9 

F.  Start  the  engine  with  the  fuel  line  to  the  filter  and  engine,  pulling  fuel 
from  the  can  with  regular  fuel 

(NOTE:  The  injector  drain  line  can  flow  into  ♦'is  container  with  reaular 
fuel.) 

G.  Switch  the  fuel  line  to  the  container  with  the  preservative  oil  after  engine 
is  running  smoothly  at  idle 

.M.    Operate  five  to  ten  minutes  on  tfie  preservative  oil 

I.     Stop  the  engine  and  reconnect  the  fuel  lines  to  the  supply  tank 
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J.     Drain  oil  sump,  fuel  filters,  and  fuel  tank  and  reinstall  drain  plugs 

(NOTE:  New  o:'  may  be  added  or  sump  may  remain  empty  until  engine 
is  ready  for  use.) 

K.    Tag  engine  with  warning  tag,  if  sump  remains  empty 

L    Remove  engine  air  line  from  air  cleaner  to  intake  manifolds 

M.    Turn  fuel  pump  manual  shut-off  valve  to  "off"  so  engine  will  not  start 

N.    Spray  SAE  #10  lubricating  oil  into  intake  manifold  and  air  compressor 
with  hand  or  power  sprayer  while  bar  cranking  engine 

0.    Cover  all  intake  manifold  openings  with  tape  to  prevent  entrance  of  dirt 
and  moisture 


P.    Cover  all  engine  openings,  including  coolant  inlets,  cylinder  block,  oil 
breather,  and  crankcase 

Q.    Drain  coolant  from  cooling  system  unless  it  is  permanent  type  antifreeze 
with  rust  inhibitor  added 

R.    Store  engine  in  a  place  protected  from  weather  where  air  is  dry  and 
temperature  uniform 

S.    Bar  engine  crankshaft  two  or  three  revolutions  every  three  to  four  weeks 
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JOB  SHEET  #2"PREPARE  AN  ENGINE  FOR  PERMANENT  STORAGE 

I.    Tools  and  materials 

A.  Basic  hand  tool  set 

B.  Preservative  oil,  U.S.  Military  Specification  MIL-L-21260,  Type  P-10  G^ade 
SAE  30  ,   .  uc 


C. 
D. 


Preservative  oil,  U.S.  Military  Specification  MIL-L-64,  Typo  P9 

Preservative  oil,  U.S.  Military  Specification  Ml  L-C-16173C,  Type  P2,  Grade 
1  or  2 

(NOTE:  Consult  the  manufacturer  of  the  preservative  oil  or  compound  for 
the  proper  grade  and  kind  of  oil  for  preservation  of  the  engine  if  there 
is  a  question  regarding  the  correct  oil.) 


E.  Two  portable  containers 

F.  Heavy  paper 

G.  Tape 

H.  Oil  spray  can  of  brush 
11.  Procedure 

(NOTE:  Make  sure  engine  is  thoroughly  clean) 

A.  Start  engine,  gradually  increase  speed  to  1200  rpm  or  a  fast  idle,  with  no 
load,  and  operate  until  the  engine  is  thoroughly  warm 

B.  Stop  engine  and  drain  old  oil 

C.  Fill  crankcase  to  full  mark  on  bayonet  gauge  or  dipstick  with  preservative 
oil,  U.S.  Militarv  Specification  MIL-L-21260,  Type  P-10,  Grade  2  SAE  30 

D.  Disconnect  both  fuel  lines  at  fuel  supply  tank  (the  line  to  engine  fuel  filter 
and  the  injector  drain  line 

E.  Fill  two  portable  containers,,  one  with  regular  diesel  fuel  and  a  second  v/ith 
preservative  oil  U.S.  Military  Specification  MIL-L-644  Type  P9 
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F.  Start  the  engine  with  the  fuel  line  to  the  filter  and  engine  Dulling  fuel 
from  the  can  with  regular  fuel 

(NOTE:  The  injector  drain  line  can  flow  into  the  container  with  regular 
fuel.) 

G.  Switch  the  fuei  line  to  the  container  with  preservative  oil  after  the  engine 
is  started  and  running  smoothly  at  idle 

H.  Operate  five  to  ten  minutes  on  the  preservative  oil 

I.  Stop  the  engine  and  reconnect  the  fuel  lines  to  the  supply  tank 
J.     Drain  fuel  tank,  if  so  equipped  and  reinstall  drain  plug 

K.    Cover  filler  vent  with  tape 

L.    Drain  all  oil  sumps  of  pumps,  compressors,  coolers,  filters  and  crankcase 

M.    Replace  all  plugs  after  draining 

N.    Remove  intake  and  exhaust  manifolds 

0.    Spray  all  intake  and  exhaust  ports,  including  air  compressor  intake  port 
with  preservative  oil 

(NOTE:  Bar  or  turn  engine  to  make  sure  oil  goes  into  cylinder.) 
P.     Replace  intake  and  exhaust  manifolds 
Q.    Inspect  coolant  in  cooling  system 

(NOTE:  If  coolant  is  contaminated,  drain  and  flush,  fill  with  rust 
preventative  compound.  Drain  while  hot  and  replace  plug.  Use  a  water 
soluble  oil  with  anti-rust  inhibitors  obtainable  from  an  oil  company.  Soluble 
oil  requires  thorough  flushing  of  cooling  system  before  placing  in  service.) 

R.  If  air  starter  is  used,  remove  exhaust  plate  from  top  of  starting  motor  and 
spray  with  preservative  oil 

S.     Replace  exhaust  plate 

T.    Loosen  V-belt  tension 

U.  Brush  or  spray  a  film  of  rust  preventative  compound  on  all  exposed, 
unpainted  surfaces  of  engine  with  a  rust  preventative  conforming  to  Type 
P-2,  Grade  1  or  2,  asdescnbed  in  U.  S.  Military  Specification  MIL-C-16173C 
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V.  Remove  cylinder  head  covers  and  spray  preservative  oil  over  rocker  levers 
valve  stems,  springs,  guides,  crossheads,  and  push  tubes 

W.    Replace  cover 

X.  Cover  all  engine  openings,  including  manifold  exhaust  and  intake  port 
coolant  inlets  to  cylinder  head  and.  block,  oil  breather  and  crankcase  with 
heavy  paper  and  duct  tape 

Y.  Tag  engine  to  indicate  that  it  has  been  treated  with  preservatives  and  that 
crankshaft  should  not  be  barred  over  until  ready  to  run 

(NOTE:  Tag  should  show  coolant  has  been  removed,  date  of  treatment 
and  indicate  that  engine  is  not  ready  to  run  without  prior  removal  of 
protective  film.) 

Z.  Store  engine  in  a  place  protected  from  weather  and  where  air  is  dry  and 
temperature  uniform,  if  possible 

(NOTE:  Engines  in  storage  more  than  24  months  should,  if  practical  be 
thoroughly  flushed  out  with  a  suitable  solvent  or  light,  hot  oil  and  then 
be  reprocessed  with  rust  preventative  materials.  Periodically  inspect  engines 
for  rust  or  corrosion.  Take  corrective  action  if  necessary.) 
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ENGINE  STORAGE 
UNIT  IV 


JOB  SHEET  #3"PREPARE  A  STORED  ENGINE  FOR  SERVICE 


I..   Tools  and  materials 

A.  Basic  hand  tool  set 

B.  Solvent 

C.  Degr^aser 

D.  Mineral  oil 

E.  Lubricating  oil 
11.  Procedure 

A.    Clean  engine 

1.       Clean  off  all  accumulated  dirt  from  exterior  of  engine 
Remove  all  paper  covers,  tape  and  wrappings 


2. 
3. 


Remove  rust  preventative  compound  from  unpainted  surfaces  of 
the  engine,  using  a  suitable  solvent,  cleaner,  or  degreaser 

4.  Refill  crankcase  with  clean  lubricating  oil 

5.  Flush  cooling  system 

B.     Inspect  engine  in  storage  less  than  six  months 

1.  Adjust  injectors 

2.  Adjust  valves 

3.  Adjust  belts 

4.  Check  head  cap  screws 

5.  Check  oil  filter  and  connections 

6.  Check  air  filter,  screens,  and  traps 
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JOB  SHEET  #3 


Inspect  engine  in  storage  six  months  or  more 

1.  Flush  entire  fuel  system  with  clean  fuel  oil  until  all  preservative 
oil  is  removed 

2.  Remove  plug  from  oil  header  and  force  hot,  light  mineral  oil 
through  the  oil  passages  to  flush  away  all  preservative  oil  and 
gummed  oil  thai  may  have  accumulated 

3.  Bar  over  engine  crankshaft  three  or  four  revolutions  during 
flushing  operation 

(NOTE:  When  the  combustion  chambers  are  treated,  remember 
that  total  volume  of  combustion  space  is  small  and  any  excessive 
preservative  oil  may  cause  hydraulic  lock,  seriously  damaging 
engine  if  it  is  started  before  all  the  oil  is  removed.) 

4.  Remove  all  screens 

5.  Check  to  make  sure  they  are  clean  before  engine  is  started 
Start  engine 

1.  Pressurize  the  lubricating  system  including  the  turbocharger  prior  . 
to  starting  the  engine 

2.  Start  engine  as  described  in  operation  and  maintenance  manuals 
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ENGINE  STORAGE 
UNIT  IV 

NAME  

TEST 

Define  terms  associated  with  engine  storage, 
a.     Temporary  storage- 
fa.     Permanent  storage- 
Discuss  the  effects  of  climate  on  an  engine  in  storage. 


List  five  systems  that  must  be  protected  during  permanent  storage. 

a. 

b. 


Demonstrate  the  ability  to: 

a.  Prepare  an  engine  for  temporary  storage. 

b.  Prepare  an  engine  for  permanent  storage. 

c.  Prepare  a  stored  engine  for  service. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test  ask 
your  instruction  when  they  should  be  completed.) 
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ENGINE  STORAGE 
UNIT  IV 

ANSWERS  TO  TEST 

a.  Temporary  storage-Protection  provided  to  an  engine  against  rust  and 
corrosion  which  wMI  be  out  of  service  for  a  period  of  four  weeks  to  six 
months 

b.  Permanent  storage-Protection  provided  to  an  engine  against  rust  and 
corrosion  which  will  be  out  of  service  over  six  months 

Discussion  should  Include: 


a. 

Unpainted  machine  surfaces  are  subject  to  rust  and  corrosion 

b. 

Rate  of  corrosion  varies  with  climatic  conditions 

a. 

Lubricating 

b. 

Cooling 

c. 

Fuel 

d. 

Crankcase 

e. 

External  parts 

Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 
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ARC  WELDlKlG 

UNIT  r 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  name  kinds  of  arc  welders 
select  equipment  needed,  and  list  safety  precdutiun.  observed  in  arc  welding.  The  studeni 
Should  also  be  able  to  strike  an  arc,  run  a  bead,  ai>d  construct  a  butt  weld.  This  knowledge 
will  be  evidenced  through  demonstration  and  by  scoring  eighty-five  percent  on  the  unit 
test. 


SPECIFIC  OBJECTIVES 
After  completion  of  this  unit,  the  student  should  be  able  to: 


1. 

Match  tBrms  associated  with  arr  vA/oiHmn  fr\  j^x* 

u^;7w\«iai,c;u  Willi  diu  wciuing  lo  trie  correct  definitions. 

2. 

uiai  adicty  prwcduiions  useo  in  arc  welding. 

3. 

iNdiiic  isiilUb  oT  arc  weioers. 

A 

Select  common  equipment  used  in  arc  welding. 

5. 

List  types  of  electrodes. 

6. 

Select  the  common  sizes  of  electrodes  usea  in  arc  welding. 

7. 

Identify  the  meannigs  of  the  numbers  in  the  electrode  classification  system 

8. 

Select  purposes  of  electrode  coating. 

9. 

List  factors  to  consider  in  selecting  electrodes'. 

10. 

Describe  the  effects  of  raising  and  lowering  the  arc  welding  current 

11. 

Name  two  methods  of  striking  an  arc. 

12. 

Select  characteristics  of  proper  arc  length. 

13. 

Label  the  parts  of  a  drawing  showing  the  welding  process. 

14. 

Identify  kinds  of  welds. 

15. 

Identify  types  of  weld  joints.. 

16. 

Name  the  four  welding  positions. 
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17*      List  reasons  for  poor  welds. 
18.      Demonstrate  the  ability  to: 

a.  Start,  stop,  and  restart  a  bead. 

b.  Construct  a  pad  weld. 

c.  Construct  a  butt  weld. 

d.  Make  a  pad  in  the  vertical  up  position. 

e.  Make  a  pad  in  the  overhead  position. 
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ARC  WELDING 
UNIT  I 


SUGGESTED  ACTIVITIES 


ERIC 


I.  Instructor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  information  and  job  sheets. 

C.  Make  transparencies. 

D.  Discuss  unit  and  specific  objectives. 

E.  Discuss  information  sheet. 

F.  Demonstrate  and  discuss  the  procedures  outlined  on  the  job  sheets. 

G.  Invite  welding  equipment  supply  companies  to  give  class  presentation. 

H.  Give  test. 

(NOTE:  There  are  several  good  films  and  filmstrips  available  from  the  various 
welding  supply  companies.  See  your  local  distributor  about  films  and  filmstrips 
that  are  available.) 

II.  Student: 

A.  Read  objective  sheet. 

B.  Study  information  sheet, 

C.  Complete  job  sheets. 

D.  Take  test. 

INSTRUCTIONAL  MATERIALS 

I.    Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1.  TM  1 '-Welding  Process 

2.  TM  2-Kin<k  of  Welds 


1181 


3.  TM  3"Types  of  Weld  Joints 

4.  TM  4-Welding  Equipment 

5.  TM  5-AWS  Classification  of  Electrodes 

6.  TM  6-Methods  of  Striking  an  Arc 

7.  TM  7"Welding  Positions 

D.  Job  sheets 

1.  Job  Sheet  #1"Start  Stop,  and  Restart  a  Bead 

2.  Job  Sheet  #2"Con3truct  a  Pad  Weld 

3.  Job  Sheet  #3"Construct  a  Butt  Weld 

4.  Job  Sheet  #4"Make  a  Pad  in  the  Vertical  Up  Position 

5.  Job  Sheet  #5-Make  a  Pad  in  the  Overhead  Position 

E.  Test 

F.  Answers  to  test 
II.  References: 

A.  Jones,  M.  M.  Shopwork  on  the  Farm.  2d  ed.  New  York:  N/cGraw-Hill  Book 
Co.,  Inc.,  1955. 

B.  Phipps,  Lloyd  J.;  McColly,  H.  F.;  Scranton,  L.  L.;  and  Cook,  G.  C  Farm 
Mechanics  Text  and  Handbook.  Danvilla,  Illinois:  The  Interstate  Printers 
and  Publishers,  Inc.,  1964. 

C.  Kugler,  Harold  L.  Arc  Welding  Lessons  for  Schoo/  and  Farm  Shop. 
Cleveland,  Ohio:  James  F.  Lincoln  Arc  Welding  Foundation,  1957. 

D.  Hallenberg,  A.  H.  How  to  Teach  Arc  We/ding  in  Farm  Mechanics.  Cleveland 
Ohio:  James  F.  Lincoln  Arc  Welding  Foundation. 

E.  Hobart  We/ding  Schoo/  Workbook.  Troy,  Ohio:  Hobart  Brothers*  Technical 
Center. 

F.  New  Lessons  in  Arc  We/ding  Cleveland,  Ohio:  The  Lincoln  Electric 
Co./James  F.  Lincoln  Arc  Welding  Foundation. 

G.  Pierre,  E.  R.  Welding  Processes  and  Power  Sources.  Appleton,  Wisconsin- 
Power  Publications  Co.,  1968-69. 

H.  Jefferson,  T.  B.  The  Welding  Encyclopedia.  Morton  Grove,  Illinois- 
Monticello  Books,  1968. 
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ARC  WELDING 
UNIT  I 


INFORMATION  SHEET 


I.    Terms  and  definitions 

A.  Base  metal-Metal  to  be  cut  or  welded  (Transparency  1) 

B.  Arc-Flow  of  current  across  a  narrow  gap,  usually  from  the  tip  of  the 
electrode  to  the  base  metal  (Transparency  1) 

C.  Fusion  process-Process  of  heating  metal  to  a  molten  state  and  allowinq 
It  to  cool 

(NOTE:  The  heat  is  produced  by  the  electric  arc  in  arc  welding.) 

D.  Arc  welding-Joining  together  of  two  or  more  pieces  of  metal  by  the  fusion 
process 

SMAw]  ™^     sometimes  referred  to  as  shielded  metal  arc  welding  or 


E. 


Crater- Depression  at  the  termination  of  a  weld  (Transparency  1) 


F.  Pass-Single  progression  of  a  welding  operation  along  the  length  of  ?  ioint 
or  weld  deposit  ^  ' 

G.  Electrode-Metal  rod  which  conducts  a  current  from  the  electrode  holder 
to  the  base  metal  (Transparency  1) 

(NOTE:  The  metal  rod  melts  and  deposits  the  metal  in  a  bead.) 

Bead  weld-Weld  made  by  one  pass  of  an  electrode  (Transparency  2) 

Bevel-Angular  cut  made  on  the  vertical  edge  to  allow  better  weld 
penetration 


H. 
I. 


J.     Butt  joint-Weld  between  two  metal  joints  on  the  same  plane  (Transparency 

K.    Tack  weld-Weld  made  to  hold  parts  in  proper  alignment  until  the  final 
welds  are  made 

(NOTE:  This  type  of  welding  is  for  assembly  purposes  only.) 

L.    Puddle-That  portion  of  a  weld  that  is  molten  at  the  place  the  heat  is 
supplied  (Transparency  1) 

M.    AWS-American  Welding  Society 
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INFORMATION  SHEET 

Safety  precautions  in  arc  welding 

A.  Do  not  look  at  the  arc  with  the  naked  eye 

B.  Wear  a  head  or  face  shield  that  is  in  good  condition 

C.  Wear  suitable  clothing  to  protect  all  parts  of  the  body 

Examples:       Long-sleeved  shirt,  leather  gloves,  turned-down  cuffs,  high 
top  shoes  or  boots,  buttoned-down  collar 

D.  Do  not  strike  an  arc  or  weld  until  you  are  sure  those  in  the  vicinity  have 
protective  equipment  or  will  look  the  other  direction 

(NOTE:  Shout  "Cover"  before  striking  the  arc.) 

E.  Do  not  weld  around  combustible  or  flammable  materials 

F.  Use  suitable  tools  to  pick  up  hot  metal 

G.  Do  not  weld  in  confined  places  without  proper  ventilation 

H.  Open  main  switch  or  disconnect  plug  when  checking  a  welder 

I.  Do  not  leave  electrode  holder  on  welding  table  or  in  direct  contact  with 
grounded  melal 

J.  Do  not  use  worn  or  frayed  cables 

K.  Stand  on  dry  footing  when  welding 

L.  Keep  areas  around  welder  clean 

M.  Keep  tools  and  metals  in  proper  location 

Kinds  of  arc  welders 

A.  AC  or  alternating  current 

B.  DC  or  direct  current 

C.  Motor  generator 

(NOTE:  This  generator  produces  only  DC  current.) 

D.  Engine  generator 

(NOTE:    The  engine  generator  can  be  designed  to  produce  AC  DC  or 
both  types  of  current.) 
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INFORMATION  SHEET 
AC/DC  transformer-rectifier 

(NOTE:  This  welder,  which  is  supplied  by  an  AC  power  source  can  be 
switched  to  produce  either  AC  or  DC  welding  current) 

IV.  Common  welding  equipment  (Transparency  4) 

A.  Welding  machine 

B.  Electrode  holder  with  lead 

C.  Ground  clamp  with  lead 

D.  Shield  or  helmet 

E.  Gloves 

F.  Chipping  hammer 

G.  Safety  goggles  or  glasses 

H.  Wire  brush 

I.  Electrode 

V.  Types  of  electrodes 

A.  Mild  steel 

B.  High  carbon  steel 

C.  Hard  surfacing 

D.  Low  hydrogen 

E.  Alloy 

(NOTE:  Alloy  electrodes  are. used  for  welding  special  metals  such  as  cast 
iron  and  aluminum.) 

VI.    Common  sizes  of  electrodes 

(NOTE:  Common  sizes  of  electrodes  range  from  1/16"  to  5/16".) 

A.  3/32" 

B.  1/8" 

C.  5/32" 

D.  3/16" 
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VII.    Meanings  of  numbers  in  the  electrode  classification  system  {Transparency  5) 
A.    E-Stands  for  electric  arc  welding 

squaW'^nch  ^'^  ''''''^'^  ^'^^^'^^     ^'^^"^"^  pounds  per 

C.    Third  digit-Indicates  welding  position 

1.  "1"  indicates  all  positions 

2.  "2"  indicates  flat  and  horizontal  only 

3.  indicates  flat  only 

°'    Tlectrndr       ^'s'^-f^^P""^^^"^^  ^Pe«^!3'  characteristics  and  usability  of  the 


Example: 


Last 
Digit 


1 

2 
3 
4 
5 
6 
7 
8 


Last  Digit  Characteristics 


Power 
Supply 


10.  DC^: 
20.  AC; 
or  DC 
AC  or  DC^ 
AC  or  DC 
AC  or  DC 
AC  0"-  DC 
DC* 

AC  or  *,)C+ 
AC  or  DC 
AC  a-  CC+ 


Arc 

Type  of 

Penetration 

Action 

Flux 

Characteristics 

Digging 

10,  organic; 

10,  deep 

20,  mineral 

20,  medium 

Dig-ging 

Organic 

Deep 

Medium 

Ductile 

Medium 

Soft 

Ductile 

Light 

Soft 

Ductile 

Light 

Medium 

Low  hydrogen 

Medium 

Medium 

Low  hydrogen 

Medium 

Soft 

Mineral 

Medium 

Medium 

Low  hydrogen 

Medium 

(Reprinted  by  permission  from  T.  B.  Jefferson,  The  Welding  Encycloni^i. 
p.  E-4,  Monticeilo  booko,  Morton  Grove,  Illinois,  1968.)   ^ — 

VIII.    Purposes  of  electrode  coating 

A.  Stabilize  the  arc 

B.  Shield  molten  puddle  from  ai*- 

C.  Float  impurities  out  of  puddle 

D.  Form  slag  and  slow  cooling 

E.  Increase  speed 

F.  Improve  quality  of  weld 
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INFORMATION  SHEET 

iX.    Factors  to, consider  in  selecting  electrodes 

A.  Base  metal  strength  properties 

B.  Bas?  metal  composition 

C.  Welding  position 

D.  Welding  current 

E.  Joint  design  and  fit-up 

F.  Thickness  and  shape  of  base  metal 

G.  Production  efficiency  and  job  conditions 

X.    Effects  of  raising  and  lowering  arc  welding  current 

A.  Raising  the  current  produces  more  heat 

B.  Lowering  the  current  produces  less  heat 
XI.    Methods  of  striking  an  arc  (Transparency  6) 

A.  Scratching 

(NOTE:  This  method  is  similar  to  striking  a  rratch,) 

B.  Tapping 

Xil.    Characteristics  of  proper  arc  length 

'    ^'    of  de'l:\ro^^^  """"^  '^''^'"''^  from^the  base  metal  as  diameter 

Example:        For  a  1/8"  electrode  the  arc  length  should  be  1/8" 

B.    Correct  arc  length  makes  a  steady  hum  of  the  welder  and  a  "frying"  sound 
at  the  arc  '  ^ 

XIII.    Parts  of  the  welding  process  (Transparency  1) 

A.  Electrode 

B.  Wire  core 

C.  Coating  (flux) 

D.  Arc 
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E.  Gaseous  shield 

F.  Weld 

G.  Slag 

H.  Heat  lines 

I.  Base  meta! 
J.  Penetration 
K.  Crater 

L.    IB""  -  30''  angle  of  electrode 
IW.    Direction  of  travel 

XIV,  Kinds  of  welds  (Transparency  2) 

A.  Fillet 

B.  Groove 

C.  Bead 

XV,  Types  of  weld  joints  (Transparency  3) 

A.  Edge 

B.  Butt 

C.  Corner 

D.  T 

E.  Lap 

XVI.    Welding  positions  (Transparency  7) 

A.  Flat 

B.  Horizontal 

C.  Vertical 


(NOTE:  The  bead  may  be  started  either  from  the  top  or  the  bottom 
dependmg  on  the  characteristics  of  the  metal.) 


D.  Overhead 
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XVII,    Reasons  for  poor  welds 

A,  Machine  adjustment  too  hot  or  too  cool 

B,  Electrode  size  too  large  or  too  small 

C,  Improper  movement  of  electrode 

D,  Improper  angle  of  electrode 

E,  Improper  base  metal  preparation 

(NOTE:  Base  metal  should  be  clean  and  free  from  oil  and  rust,) 

F,  Arc  length  too  long  or  too  short 
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Welding  Process 


Electrode 


ieaX  Lines 


Base  metal 
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END  VIEW 


Kinds  of  Welds 


Fillet  Weld 


— 

I 

I 
I 
I 
I 
I 
J 


Groove  Weld  Bead  Weld 

END  VIEW 


TOP  VIEW 


□ 


li 

ii 
1 1 
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Types  of  Weld  Joints 


Edge  Joint 


Butt  Joinj 


Corner  Joint 


T  Joint 


Lap  Joint 
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Welding  Equipment 


Welding  Machine 


Electrode  Holder 


Current 


Electrode 
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Adjustment 
(Amps)       VT  )) 


Electrode  Cable 


O 


^  Work  Lead 


Ground  Clamp 


Shield  or  Helmet        Safety  Goggles 
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Chipping 
Hammer 


Gloves 


o 


0 


Wire  Brush 
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AWS  Classification  of  Electrodes 


Welding  Position 

1.  all  positions 

2.  flat  and  horizontal 


E6011  MILD  STEEL  ELECTRODE 
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Methods  of  Striking 
an  Arc 


Welding  Positions 


ARC  WELDING 
UNIT  I 


JOB  SHEET  #1.. START,  STOP,  AND  RESTART  A  BEAD 


I.    Tools  and  materials 

A.  Piece  of  metal  1/4"  to  3/8"  thick,  4"  x  4" 

B.  Welder 

C.  Electrode  holder  with  lead 

D.  Ground  clamp  with  lead 

E.  Helmet 

F.  Gloves 

G.  Electrodes 

H.  Safety  goggles 

I.  Chipping  hammer 
J.  Wire  brush 

II.  Procedure 

A.  Prepare  metal  for  welding 


(NOTE:  Metal  should  be  clean  and  free  of  oU  and  rust,) 
Strike  arc  1"  from  edge  where  bead  is  to  begin  (Figures  1  and 


FIGURE  1 


Tapping 


FIGURE2 


To  Start 


JOB  SHEET  #1 


Move  to  edge  when  arc  burns  brightly,  maintaining  the  correct  arc  lengths- 
begin  forming  the  puddle 

Move  across  metal  two  inches 

Move  electrode  back  through  the  puddle  and  lift  up  to  stop  bead  (Figure 
3) 

FIGURE  3        I     ~"  1 


(NOTE:  This  will  prevent  cracks  from  forming  in  the  puddle.) 
Strike  arc  about  1"  in  front  of  crater  to  restart  (Figure  4) 
FIGURE  4  I 


Move  back  through  the  crater  when  arc  burns  brightly  and  then  resume 


(NOTE:  This  is  necessary  in  order  for  beads  to  blend  with  one  another 
without  a  change  in  continuity,} 


the  bead 
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ARC  WELDING 
UNIT  I 


JOB  SHEET  #2--C0NSTRUCT  A  PAD  WELD 


I.   Tools  and  materials 


A. 

Piece  of  metal  1/4    to  3/8   thick,  4    x  4 

B. 

Welder 

C. 

Electrode  holder  with  lead 

D. 

Ground  clamp  with  lead 

E. 

Helmet 

F. 

Gloves 

G. 

Electrodes 

H. 

Safety  goggles 

1. 

Chipping  hammer 

J. 

Wire  brush 

Procedure 

A. 

Prepare  metal  for  welding 

B.    Strike  arr  and  move  to  point  to  begin  pad  (Figure  1) 


C.    Lay  a  straight  bead  across  the  plate  using  a  weaving  motion 

(NOTE:  When  using  a  E601 1  electrode,  it  is  necessary  to  use  some  type 
of  rod  manipulation  in  running  a  bead.) 


FIGURE  1 
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JOB  SHEET  #2 


D.    Hold  electrode  at  a  1 5°  to  30°  angle  in  direction  of  travel  and  lower  electrode 
as  rod  burns  away  to  maintain  correct  arc  length  (Figure  2) 


FIGURE  2 


I  15° -30° 


E. 
F. 
G. 


Move  electrode  steadily  from  right  to  left  across  pad  " 
Clean  the  slag  from  each  bead  before  starting  the  next  one 
Run  beads  until  pad  is  full,  overlapping  each  bead  (Figure  3) 


FIGURE  3 


Overlap  about 
1/3  of  bead 


3? 


This 


Not  This 


H.  Let  each  bead  cool  until  slag  is  black  before  chipping 

I.  Run  additional  layers  until  desired  thickness  is  obtained 
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ARC  WELDING 
UNIT  I 

JOB  SHEET  #3--C0NSTRUCT  A  BUTT  WELD 


I.    Tools  and  materials 


A. 

Pieces  of  metal  1/4"  to  3/8"  thick,  3"  x  6"  (2) 

B. 

Welder 

C. 

Electrode  holder  with  leads 

D. 

Ground  clamp  with  leads 

E. 

Helmet 

F. 

Gloves 

G. 

Electrodes 

H. 

Safety  goggles 

1. 

Chipping  hammer 

J. 

Wire  brush 

II.  Procedure 

A.  Prepare  metal  to  be  welded  (Figure  1) 

(NOTE:  if  metal  thickness  is  over  1/8",  the  edges  should  be  beveled.) 

FIGURE  1 

I       N/  I 

1/16"  to  3/32" 

B.  Place  two  pieces  of  metal  parallel  to  each  other 

(NOTE:  Leave  a  space  from  1/16"  to  3/32"  between  them.  See  figure  1.) 
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JOB  SHEET  #3 
C.    Tack  weld  pieces  together  at  both  ends  (Figure  2) 


FIGURE  2 


D.    Complete  weld  using  a  single  pass  (Figure  3) 


FIGURE  3 


E.    Chip  slag  and  brush  weld 
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ARC  WELDING 
UNIT  I 

JOB  SHEET  #4--MAKF.  A  PAD  IN  THE  VERTICAL  UP  POSITION 

I.    Tools  and  materials 

A.  Arc  welding  station  and  required  tools 

B.  Mild  steel  plates  3/8"  thick,  6"  by  6" 

C.  Electrodes  E-b    0  1/8"  or  5/32" 

1-       1/8"  -  75-130  amps 
2.       5/32"  -  90-175  amps 

D.  Current  Direct  Current  Reverse  Polarity  +  at  1/8"  electrode  75-130  amps 

E.  Protective  clothing 

F.  Safety  goggles 
I.  Procedure 

A.  Adjust  machine  to  correct  type  and  amount  of  current 

B.  Prepare  and  tack  metal  in  a  vertical  position 

(NOTE:  Vertical  up  welding  has  deeper  penetration  than  the  vertical  down- 
this  technique  is  usually  reserved  for  thicker  metals  and  requires  lower 
amperage  settings.) 

C.  Position  electrode  at  90°  angle  to  plate  and  tip  down  from  horizontal  10-15° 
for  first  bead 
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JOB  SHEET  #4 


D.    Ail  other  beads  require  a  10'  side  angle  with  each  previously  laid  bead 
with  the  10-15  angle  down  from  horizontal  remaining  the  ^ame  {Figure 


FIGURE  1 


Side  View 


E.  Strike  an  arc  on  the  lower  left  hand  corner  of  plale,  hold  high  arc  length 
1  to  2  seconds  and  start  welding  upward  to  top  of  plate 

(NOTE:  A  slight  manipulation  of  the  rod  tip  will  be  necessary.) 

F.  After  laying  first  bead,  chip  and  brodh  weld  clean,  and  check  surface  for 
porosity  and  slag  inclusions 

(NOTE:  Crater  at  end  of  each  pass  should  be  filled.) 


1205 


ERIC 


JOB  SHEET  #4 


G.    Deposit  additional  beads  overlapping  each  at  least  1/3  until  pad  is  filled 
(Figure  2) 


Proper  Overlap 

1  x'T^^^ 


End  View 
Proper  Bead  Lap 


FIGURE  2 


Too  Much  Overlap 

Not  Enough  Overlap 


End  View 
Improper  Bead  Lap 


H.    After  a  complete  layer  of  passes  have  been  applied,  clean  thoroughly  and 
turn  in  to  instructor  for  evaluation 
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ARC  WELDING 
UNIT  I 


JOB  SHEET  #5-.MAKE  A  PAD  IN  THE  OVERHEAD  POSITION 

I.    Tools  and  materials 

A.  Arc  welding  station  and  requirBd  tools 

B.  Mild  steel  plate  1/4"  or  3/8",  two  pieces  6"  x  6" 

C.  Electrode  E-6010  1/8"  or  5/32" 

1-       1/8"  -  75-130  amps 
2.       5/32"  -  90-175  amps 

D.  Protective  clothing 

E.  Safety  goggles 
II.  Procedure 

A.  Adjust  welding  machine  to  correct  current  and  amperage  setting 

B.  Prepare  and  tack  metal  in  the  overhead  position 
(NOTE:  Metal  will  be  in  horizontal  position  with  floor.) 

C.  Strike  arc  at  edge  of  plate;  hold  a  high  arc  for  one  or  two  seconds  to 
neat  up  base  metal 

(CAUTION:  Avoid  depositing  first  bead  too  close  to  edge  of  plate.) 
{^nZt^r^^'  '         '"3"'  °^  travel 


FIGURE  1 


Overhead  Welding 


Side  View 


Travel 
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(NOTE:  Metal  should  be  deposited  with  a  very  short  arc.  A  slight  whipping 
motion  may  be  helpful  in  controlling  bead  shape.) 

E.  Start  ^t  the  end  of  plate  and  progress  across  plate 

(NOTE:  After  completion  of  each  bead  thoroughly  chip  and  brush  the  weld 
checking  for  bead  appearance  which  will  determine  if  current,  amps,  or 
welding^  technique  needs  to  be  changed.) 

F.  Deposit  additional  beads  until  plate  is  completely  covered 

(NOTE:  Each  additional  bead  should  be  overlapped  about  1/3  of  previous 
bead.  Bead  should  have  a  smooth  surface  without  noticeable  "valleys"  or 
trapped  slag.")  (r-'igure  2) 

(NOTE:  Alternate  travel  direction  for  each  pass.) 


FIGURE  2 


Proper  Bead  Lap  Improper  Bead  Lap 

After  completing  the  required  layer  of  passes,  clean  pad  and  turn  in  for 
instructor's  approval 
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ARC  WELDING 
UNIT  I 


TEST 


NAME 


1. 


Match  the  terms  on  the  right  to  the  correct  definitions 

.  a-  Metal  to  be  cut  or  welded 

 b.  Weld  made  by  one  pass  of  an  electrode 

 c.  Metal  rod  which  conducts  a  current  from 

the  electrode  holder  to  the  base  metal 


^d.  Joining  together  of  two  or  more  pieces 
of  metal  by  the  fusion  process 

^e.  Depression  at  the  termination  of  a  weld 


_f.  Angular  cut  made  on  the  vertical  edge 
to  allow  better  weld  penetration 

_g.  That  portion  of  a  weld  that  is  molten 
at  the  place  the  heat  is  supplied 

_h.  Process  of  heating  metal  to  a  molten 
state  and  allowing  it  to  cool 

_i.  Single  progression  of  a  welding  operation 
along  the  length  of  a  joint  or  weld 
deposit 

J.  Weld  between  two  metal  joints  on  the 
same  plane 

^k.  American  Welding  Society 

__l.  Flow  of  current  across  a  narrow  gap, 
usually  from  the  tip  of  the  electrode  to 
the  base  metal 

^m.  Weld  made  to  hold  parts  in  proper 
alignment  until  the  final  welds  are  made 


nitions. 

1. 

Arc  welding 

2. 

Fusion  process 

3. 

Arc 

4. 

Base  metal 

5. 

Crater 

6. 

Pass 

7. 

Bead  weld 

8. 

Bevel 

9. 

Butt  joint 

10. 

Tack  weld 

n. 

Electrode 

12. 

Puddle 

13. 

AWS 
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List  five  safety  precautions  used  in  arc  welding. 

a. 

b. 

c. 

d. 

e. 

Nairiv.  two  kinds  of  arc  welders. 

a. 

b. 

Select  common  equipment  used  in  arc  welding  by  placing  an  "X"  in  the 
appropriate  blanks. 

 a.  Welding  machine 

 b.  Electrode 

 c.  Gloves 


d.  Wire  brush 


e.  Cart 


 f.  Shield  or  helmet 

 g.  Chipping  hammer 

 h.  Ball  peen  hammer 

 i-  Safety  goggles  or  glasses 

 j.  Hacksaw 

 k.  Screwdriver  ^ — ^ 

5.       List  three  types  of  electrodes, 
a. 
b. 
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Select  the  common  sizes  of  electrodes  used  in  arc  weiding  by  placing  an  "X" 
in  the  appropriate  blanks. 

 ^a.  1/16^^  f.  3/16" 


1/8"   g.  3/8'* 

c.  3/32"  h.  3/64" 


d,  5/16"  _^  i.  3/4" 


 e.  5/32"   j.  1/2" 

Identify  the  meanings  of  the  numbers  in  the  electrode  classification  system. 


c. 


Select  purposes  of  electrode  coating  by  placing  an  "X"  in  the  appropriate  blanks. 

 a.  Increase  speed 

 b.  Stabilize  the  arc 


c.  Protect  the  welder  from  shock 

d.  Shield  molten  puddle  from  air 

e.  Keep  electrode  from  shorting  out 

f.  Form  slag. and  slow  cooling 

g.  Tack  metal  to  be  welded 

h.  Float  impurities  out  of  puddle 

i.  Improve  quality  of  weld 
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10. 


List  four  factors  to  consider  in  selecting  electrodes. 

a. 

b. 

c. 

d. 

Describe  the  effects  of  raising  and  lowering  the  arc  welding  current. 


11. 


12. 


13. 


Name  two  methods  of  striking  an  arc. 

a. 

b. 

Select  characteristics  of  prvoper  arc  length  by  placing  an  "X"  in  tlie  blanks. 
 a.  Arc  length  is  1/2"  long 

 b.  Arc  length  ir,  the  same  as  the  length  of  the  olectrode 

 of"^ele«rod?°^^  distance  from  the  base  metal  as  diameter 

 d.  Correct  -c  length  makes  a  steady  hum  of  the  welder  and  a  "frvina" 

sound  at  the  arc  ^  ^ 

Label  the  parts  of  the  welding  process  in  the  drawing  below  by  writina  the 
correct  narnos  in  the  blanks.     e.  a       w  uy  wrumg  me 
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16. 


17. 


18. 


Name  the  four  welding  positions. 

a. 

b. 

c. 

d. 

List  four^easons  for  poor, welds. 

a. 

b. 

c. 

d. 

Demonstrate  the  ability  to: 

a.  Start,  stop,  and  restart  a  bead. 

k 

b.  Construct  a  pad  weld. 

c.  Construct  a  butt  weld. 

d.  Make  a  pad  in  the  vertical  up  position. 

e.  Make  a  pad  in  the  overhead  position. 

(NOTE:  If  these  activitief  have  not  been  accomplished  prior  to  the  test,  ask 
your  instructor  when  they  should  be  completed.) 
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ARC  WELDING 
UNIT  I 

ANSWERS  TO  TEST 


a* 

4 

n. 

o 

b. 

7 

i. 

6 

c. 

11 

j- 

9 

d. 

1 

k. 

13 

e. 

5 

1. 

3 

f. 

8 

m. 

10 

9- 

12 

2.       Any  fiv*^  of  the  following: 

a.  Do  not  look  at  the  arc  with  the  naked  eye 

b.  Wear  a  head  or  face  shieid  that  is  in  good  condition 

c.  Wear  suitable  clothing  to  protect  all  parts  of  the  body 

d.  Do  not  strike  an  arc  or  weld  until  you  are  sure  those  in  the  vicinity  have 
protective  equipment  or  will  look  the  other  direction 

e.  Do  not  weld  around  combustible  or  flammable  materials 

f.  Use  suitable  tools  to  pick  up  hot  metal 

g.  Do  not  weld  in  confined  places  without  proper  ventilation 

h.  Open  main  switch  or  disconnect  plug  when  checking  a  welder 

i.  Do  not  leave  electrode  holder  on  welding  table  or  in  direct  contact  witn 
grounded  metal 

j.  Do  not  use  worn  or  frayed  cables 

k.  Stand  on  dry  footing  when  welding 

1.  Keep  areas  around  welder  clean 

'STh  Keep  tools  ^Dd  metals  in  pioper  location 
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4. 
5. 


6. 
7. 


8. 
9. 


Any  two  of  the  following: 

a.  AC  or  alternating'  current 

b.  DC  or  direct  current 

c.  Motor  generator 

d.  Engine  generator 

e.  AC/DC  transformer-rectifier 
a,  b,  c,  d,  f,  g,  i 

Any  three  of  the  following: 

a.  Mild  steel 

b.  High  carbon  steel 

c.  Hard  surfacing 

d.  Low  hydrogen 

e.  Alloy 
b,  c,  e,  f 

a.  E"£lectric  arc  welding 

b.  60"Tensile  strength  deposited  in  thousand  pounds  per  square  inch 

c.  1 -Welding  position;  all  positions 

d.  0-Special  characteristics  and  usability  of  electrode 
a,  b,  d,  f,  h,  i 

Any  four  of  the  following: 

a.  Base  metal  strength  properties 

b.  Base  metal  composition 

c.  Welding  position 

d.  Welding  current 

e.  Joint  design  and  fit-up 

f.  Thickness  and  shape  of  base  mpt^l 

g.  Production  efficiency  and  job  conditions 
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10.  Description  should  include: 

a.  Raising  the  current  produces  more  heat 

b.  Lowering  the  current  produces  less  heat 

11.  a.  Scratching 
b.  Tapping 

12.  c,  d 

13.  a.  Slag 

b.  Weld 

c.  Gaseous  shield 

d.  15**  -  30°  angle  of  electrode 

e.  Electrode 

f.  Wire  core 

g.  Coating  (flux) 

h.  Arc 

i.  Heat  lines 
j.  Base  metal 
k.  Penetration 

I.  Direction  of  travel 

m.  Crater 

14.  a.  Fillet 

b.  Groove 

c.  Bead 

15.  a.  Butt 

b.  Corner 

c.  T 

d.  Lap 


e.  Edge 
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16.  a.  Flat 

b.  Horizontal 

c.  Vertical 

d.  Overhead 

17.  Any  four  of  the  following: 

a.  Machine  adjustment  too  hot  or  too  cool 

b.  Electrode  size  too  large  or  too  small 

c.  Improper  movement  of  electrode 

d.  Improper  angle  of  electrode 

e.  Improper  base  metal  preparation 

^.     Arc  length  too  long  or  too  short  * 

18.  Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 
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OXYACETYLENE  CUTTING 
UNIT  II 


UNT  OBJECTIVE 


After  completion  of  this  unit  the  student  should  be  able  to  set  up,  light  adjust  and 
Ujrn  off  an  oxyacetylene  cutting  outfit  following  the  proper  order  and  safety  precautions 
The  student  should  be  able  to  make  ninety-degree  cuts  on  mild  steel  and  cut  round  stock. 
This  knowledge  will  be  evidenced  through  demonstration  and  by  scoring^eighty-five  percent 
on  the  unit  test. 


SPECIFIC  OBJECTIVES 

After  completion  of  this  unit  the  student  should  be  able  to: 

1.  Match. terms  associated  with  oxyacetylene  cutting  to  the  correct  definitions. 

2.  Identify  the  parts  of  an  oxyacetylene  cutting  outfit. 

3.  Identify  the  parts  of  a  torch  body  and  cutting  attachment. 

4.  List  rules  for  the  safe  handling  of  oxygen  and  acetylene  equipment. 

5.  Identify  the  types  of  oxyacetylene  cutting  flames. 

6.  List  reasons  for  poor  cuts. 

7.  Select  from  a  list  causes  of  a  backfire. 

8.  Describe  what  happens  when  a  backfire  occurs. 

9.  Describe  what  happens  when  a  flashback  occurs. 

10.  List  in  the  proper  order  the  steps  to  follow  in  case  of  3  flashback. 

11.  Demonstrate  the  ability  to: 

a.     Set  up  equipment  for  oxyacetylene  cutting. 


b.  Turn  on,  light,  adjust  to  a  neutral  flame,  and  turn  off  oxyacetylene 
cutting  equipment. 

c.  Make  ninety-degree  cuts  on  mild  steel  and  restart  a  cut. 

d.  Cut  round  stock. 
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OXYACETYLENE  CUTTING 
UNIT  II 

SUGGESTED  ACTIVITIES 

I.  Instructor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  information  and  job'  sheets. 

C.  Make  transparencies. 

D.  Discuss  unit  and  specific  objectives. 

E.  Discuss  information  sheet. 

F.  Secure  color  flame  charts  showing  types  of  flames  from  welding  supplier. 

G.  Obtain  film  from  local  welding  supplier  to  show  various  techniques  in 
cutting. 

H.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

I.  Give  test 
II.  Student: 

A.  Read  objective  sheet. 

B.  Study  information  sheet. 

C.  Complete  job  sheets. 

D.  Take  test. 

INSTRUCTIONAL  MATERIALS 

I.    Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 
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C.  Transparency  masters 

1.  TM  l-Oxyacetylene  Cutting  Outfit 

2.  TM  2--Parts  of  a  Torch  Body  and  Cutting  Attachment 

3.  TM  3-Types  of  Oxyacetylene  Cutting  Flames 

D.  Job  sheets 

1.  Job  Sheet  #1-Set  Up  Equipment  for  Oxyacetylene  Cutting 

2.  Job  Sheet  #2--Tum  On,  Light,  and  Adjust  the  Cutting  Torch 

3.  Job  Sheet  #3--Make  Ninety-Degree  Cuts  on  Mild  Steel  and  Restart 
a  Cut 

4.  Job  Sheet  #4--Cut  Round  Stock 

E.  Test 

F.  Answers  to  test 
References: 

^'  Turnquist,  Carl  H.:  and  Bowditch,  William  A.  Modern 

Welding.  Homewood,  Illinois:  The  Goodheart-Willcox  Co.,  1970. 

B.  Phipps,  Lloyd  J.;  McColly,  H-  F.;  Scranton,  L.  L;  and  Cook,  G.  C.  Farm 
Mechanics  Text  and  handbook.  Danville,  Illinois:  Interstate  Printers  and 
Publishers,  Inc.,  1964. 

C.  Smith'!;  Short  Course  for  Gas  Cutting,  Welding,  Brazing.  Minneapolis 
Minnesota:  Division  of  Tescom  Corp./Education  Department  of  Smiiti 
Welding  Equipment. 

D.  7776  Oxyacetylene  Handbook:  A  Manual  on  Oxyacetylene  Welding  and 
Cutting  Procedures.  New  York:  Linde  Div./Union  Carbide  Corp. 
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OXYACETYLENE  CUTTING 
UNIT  II 


INFORMATION  SHEET 


I.    Terms  and  definitions 

A.  Flashback" Fire  inside  of  the  torch 
(CAUTION:  This  is  a  very  dangerous  condition.) 

B.  Backfire--Momentary  burning  back  of  the  flame  into  the  tip 

C.  Flame  cutting-Process  by  which  iron  or  steel  is  heated  to  a  temperature 
where  it  can  be  rapidly  oxidized  by  high  purity  oxygen  flowing  under 
pressure  through  a  cutting  torch 

(NOTE:  As  the  metal  is  oxidized,  the  preheat  flame  maintains  the 
temperature  necessary  to  keep  the  oxidation  process  going  in  a  narrow  zone 
across  the  length  of  the  base  metal.) 

D.  Slag  box--Metal  container  with  a  layer  of  wa'.er  or  sand  to  catch  hot  slag 

E.  Slag-Metal  which  melts  away  during  the  oxyacetylene  cutting  process 

F.  Dragline-Situation  in  which  the  most  distant  portion  of  the  cutting  stream 
lags  behind  the  stream  nearest  the  cutting  tip 

G.  Kerf-Area  of  material  removed  from  a  piece  of  metal  by  a  saw  or  cuttinq 

H.  Oxide-Substance  that  is  produced  when  oxygen  is  combined  with  an 
element 

Examples:       Rust,  corrosion,  coating,  film,  or  scale 

I.  Oxidizing-Combining  oxygen  with  another  substance 

Example:        A  metal  is  oxidized  when  the  metal  is  cut 

J.     Purge-To  remove  any  foreign  material  from  a  system  or  component  by 
flushing  with  the  gas  used  in  that  system 

N.    Parts  of  an  oxyacetylene  cuttiny  outfit  (Transparency  1) 
A.    Oxygen  cylinder 


B.    Oxygen  regulator 
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INFORMATION  SHEET 


C.  Oxygen  pressure  regulating  screw 

D.  Oxygen  cylinder  valve 

E.  Acetylene  cylinder 
F     Acetylene  regulator 

G.  Acetylene  pressure  regulating  screw 

H.  Acetylene  cylinder  valve 

I.  Safety  chain 
J.     Cylinder  truck 
K.    Oxygen  hose 

(NOTE:  The  color  code  for  oxygen  is  green.) 
L.    Acetylene  hose 

(NOTE:  The  color  code  for  acetylene  is  red.) 
M.    Oxygen  fitting 

(NOTE:  The  oxygen  fitting  has  right-hand  threads.) 
N.    Acetylene  fitting 

(NOTE:  Til    acetylene  fitting  has  left-hand  threads  with  a  grooved  ni 

0.  Oxygen  torch  valve 

P.  Torch  body 

Q.  Acetylene  torch  valve 

R.  Cutting  attachment 

S.  Oxygen  prehpat  valve 

T.  Oxygen  cutting  lever 

U.  Tip 

V.  Tip  .)ut 
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INFORMATION  SHEET 

III.    Parts  of  the  torch  body  and  cutting  attachment  (Transparency  2) 
A.    Cutting  torch 


1. 

Oxygen  fitting 

2. 

Acetylene  fitting 

3.. 

Oxygen  torch  valve 

4. 

Acetylene  torch  valve 

5. 

Torch  body 

6. 

Oxygen  cutting  lever 

7. 

Oxygen  preheat  valve 

8. 

Tip  nut 

9. 

Tip 

B.     Cutting  tip 

(NOTE:  The  selection  of  the  correct  tip  for  the  job  is  determined  by  the 
thickness  of  metal  the  size  of  tip  orifice,  and  the  oxygen  cutting  pressures. 
See  manufacturers  recommendations.) 

1.  Pr'^heat  orifice 

(NOTE:  The  preheat  orifice  heats  meta!  to  kindling  point  of 
approximately  1600°  F    755°  C  .) 

2.  Cuttint,  orifice 

(NOTE:  The  cutting  orifice  removes  oxidized  metal.) 
IV.    Rules  for  safe  handling  of  oxygen  and  acetylene  equipment 

A.  Secure  cylinders  in  an  upright  position  to  prevent  damage  to  valves  or 
regulators 

B.  Purge  cylinder  valve  before  attaching  regulators 

C.  Release  adjusting  screws  on  regulator  before  opening  cylinder  valve 

D.  Stand  to  one  side  of  regulator  while  slowly  opening  .he  cylinder  valve 
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INFORMATION  SHEET 

E.  Do  not  use  acetylene  at  pressures  higher  than  15  psi 

(NOTE:  Acetylene  becomes  unstable  at  pressures  higher  than  15  psi  and 
becomes  highly  explosive.) 

F.  Purge  oxygen  and  acetylene  passages  before  lighting  torch 

G.  Light  acetylene  gas  before  opening  oxygen  valve  on  torch 

H.  Do  not  use  oil  on  regulators,  torches,  fittings,  or  any  place  that  it  may 
come  in  contact  with  oxygen 

(NOTE:  Oil  or  grease  and  oxygen  have  a  very  great  attraction  for  one 
another  and  will  unite  with  explosive  violence.) 

I.  Do  not  use  oxygen  as  a  substitute  for  compressed  air 
J.  Keep  heat,  flames,  and  sparks  away  from  combustibles 
K.    Use  safety  goggles,  glo/es,  and  protective  clothing 

(NOTE:  Keep  gloves,  hands,  and  clothing  free  from  oil  and  grease.) 
L.    Test  connections  for  leaks  with  soapsuds  and  paintbrush 
M.    Do  not  weld  on  container:  *hat  have  been  used  for  combustable  materials 
N.    Avoid  breathing  toxic  fumes  when  welding 

Example:        Galvanized  metal 
0.    Do  not  leave  a  burning  torch  unattended 
P.     Do  not  cut  or  weld  necT  concrete 
Q.    Operate  tech  in  a  well-ventilated  place 
R.    Weld  or  cut  at  least  five  feet  from  cylinders 
S.     Protect  hoses  from  hot  metal,  rupture,  or  mechanical  damage 
Types  of  oxyacetylene  cutting  flames  (Transparency  3) 
A.    Carburizing  fj  e 

(NOTE:  The       e  has  an  excess  of  acetylene  gas.) 
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INFORMATION  SHEET 


B.  Neutral  flame 

(NOTE:  The  flame  has  the  proper  ratio  of  oxygen  to  acetylene.) 

C.  Oxidizing  flame 

(NOTE:  There  is  an  excess  of  oxygen,) 
VL    Reasons  for  poor  cuts 
Example: 


(NOTE:  This  is  a  correctly  made  cut  in  one-inch  plate.  The  edge  is  square  and 
the  draglmes  are  essentially  vertical  and  not  too  pronounced.?    ' ''^''^'^ '""^ 

A.    Preheat  flames  too  small 
Example: 


bottom  )        ^"^^'"^  ^^'^^^  ^''^^  ""^'"3 


B.    Preheat  flames  too  long 
Example: 


(NOTE:  The  top  surface  has  melted  over,  the  cut  edge  is  irregular  and 
there  is  an  excessive  amount  of  adhering  slag.) 

C.    0'<vgen  pressure  too  low 

Example: 


(NOTE:  The  top  edge  has  melted  over  because  the  cutting  speed  was  too 
Slow.) 
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INFORMATION  SHEET 

D.    Oxygen  pressure  too  high;  nozzle  size  too  small 
Example: 


(NOTE:  The  entire  control  of  the  cut  has  been  lost.) 
E.    Cutting  speed  too  slow 


Example: 


(NOTE:  There  is  a  pronounced  break  to  the  dragline  and  the  cut  edge 
is  irregular.) 

G.    Blowpipe  travel  unsteady 
Example: 


(NOTE:  The  cut  edge  is  wavy  and  irregular.) 

122? 
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INFORMATION  SHEET 

H.    Cut  lost  and  not  carefully  restarted 
Example 


(NOTE:  Bad  gouges  were  caused  at  the  restarting  point.) 
VII.    Causes  of  a  backfire 

A.  Insufficient  acetylene  or  oxygen  pressure 

B.  Loose  cutting  tip 

C.  Dirty  tip 

D.  Overheating  of  cutting  tip 

E.  Bad  "0*'  ring  in  torch  body 

(NOTE:  The  above  causes  should  be  carefully  checked  to  avoid  backfire.) 
VIII.    What  happens  when  a  backfire  occurs 

A.  Plame  burns  momentarily  back  into  tip 

B.  A  loud  snap  or  pop  is  emitted  from  the  torch 

C.  Flame  either  goes  out  or  continues  to  burn  in  normal  manner 
!X.    What  happens  when  a  flashback  occurs 

A.  Flame  disappears  inside  the  torch  body 

B.  Squealing  noise,  smoke,  and/or  sparks  are  emitted  from  the  torch  tip 
X.    Steps  to  follow  in  case  of  a  flashback 

A.  Close  oxygen  preheat  valve 

B.  Close  oxygen  torch  valve 

C.  Close  acetylene  torch  valve 

D.  Releasf.  oxygen  regulator  screw 
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E.  Release  acetylene  regulator  screw 

F.  Examine  acetylene  unit 

G.  Reset  regulator  pressures 

H.  Light  torch 

{NOTE:  If  heavy  smoke  comes  out  of  the  torch  tip  and  the  torch  body  becomes 
hot  the  flashback  has  probably  traveled  past  the  nixing  chamber  into  the  hose. 
In  this  case,  shut  off  the  oxygen  cylinder  valve  and  the  acetylene  cylinder  valve 
and  then  notify  the  instructor.) 


Acetylene  Pressure 
Regulating  Screw 

Acetylene 
Regulator 

Acetylene 
Cylinder 
Valve 

Acetylene 
Cylinder 
I 

Safety  Chain 

'if 

„   ii 

Oxygen  Cyli 


Oxyacetylene  Cutting  OutTrt 

Oxygen  Cylinder  Valve 
Oxygen  Regulator 

Oxygen  Pressure  Regulating  Screw 

Flashback  Check  Valve 

Oxygen  Hose 

Oxygen  Fitting  Oxygen       Cutting  Attachment 

(Right-hand  threads)    Cutting  Lever 

Oxygen  Torch  Valve 


Cylinder  Truck         Acetylene  Hose     (Grooved  nut,  left-hand  threads) 


^Acetylene   ^       r^—    it  uxygen 
Torch  Valve  ^^'^^  Body 

Acetylene  Fitting 

Tip 
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Preheat 
Orifice 


Parts  of  a  Torch  Body 
and  Cutting  Attachment 


Cutting  Orifice 


Oxygen  Preheat  Valve 

^'P  Acetylene  Torch  Valve 

...   


Acetylene  Fitting 
(Grooved  nut, 
left-hand  threads) 


Oxygen  Cutting  Lever 


^  Torch  Body^ 
Oxygen  Torch  Valve 

Oxygen  Fitting 
(Right-hand  threads) 
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TypK  of  Oxyacetylene  Cutting  Flames 


Inner  Cone 

1^ 


Outer  Flame 


CARBURIZING  FLAME  ''"'"'"^ 


Inner  Cone 


Outer  Flame 


NEUTRAL  FLAME 


Inner  Cone  (shorter  than  neutral  or  carburizing  flame) 


Mi    OXIDIZING  FLAME 


Outer  Flame 
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OXYACETYLENE  CUTTING 
UNIT  II 

JOB  SHEET  #1--SET  UP  EQUIPMENT  FOR  OXYACETYLENE  CUTTING 


I.   Tools  and  materials 


A 

A. 

Oxygen  cylinder 

B. 

Acetylene  cylinder 

c. 

Oxygen  regulator 

D. 

Acetylene  regulator 

E. 

Hoses 

F. 

Wrench 

G. 

Cylinder  holder 

H. 

Water  container 

1. 

Liquid  detergent 

J. 

Clean  paintbrush 

K. 

Torch  body  with  tips 

II.  Procedure 

A.  Secure  cylinders  in  a  vertical  position 

B.  Remove  caps  from  cylinders 

C.  Crack  valves  of  each  cylinder  to  remove  foreign  material;  close  valves 

D.  Connect  oxygen  regulator  to  oxygen  cylinder 

(CAUTION:  Do  not  use  oil  on  any  connections  on  the  oxyacetylene 
system.) 

1.  Turn  adjusting  screw  on  regulator  counterclockwise  until  tension 
on  spring  is  released 

2.  Tum  cylinder  valve  wide  open  slowly 
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JOB  SHEET  #1 

E.  Connect  acetylene  regulator  to  acetylene  cylinder 

1.  Turn  adjusting  screw  on  regulator  counterclockwise  until  tension 
on  spring  is  released 

2.  Open  cylinder  valve  1/2  to  3/4  of  a  turn 

(NOTE:  Never  open  cylinder  valve  more  than  1  1/2  turns.) 

F.  Connect  acetylene  hose  to  acetylene  regulator;  purge  hose 

G.  Connect  oxygen  hose  to  oxygen  regulator;  purge  hose 

H.  Connect  torch  body  to  oxygen  and  acetylene  hoses 

I.  Close  both  valves  on  torch  body 

J.     Attach  cutting  attachment  to  torch  body 

(NOTE:  The  tip  size  is  determined  by  the  thickness  of  metal  to  be  cut 
and  the  manufacturer's  recommendations.) 

K.    Close  oxygen  preheat  valve  on  cutting  attachment 

L    Turn  adjusting  screw  on  oxygen  regulator  clockwise  until  working  pressure 
IS  reached 

M.    Turn  adjusting  screw  on  acetylene  regulator  clockwise  until  correct  working 
pressure  is  reached 

N.    Test  all  connections  for  leaks  with  liquid  detergent  suds  and  water 
(NOTE:  Apply  soap  suds  with  a  clean  p)intbrush.) 
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OXYACETYLENE  CUTTING 
UNIT  II 


JOB  SHEET  #2"TURN  ON,  LIGHT,  AND  ADJUST  THE  CUTTING  TORCH 

I.    Tools  and  materials 

A.  Oxyacetylene  cutting  outfit 

B.  Wrench 

C.  Gloves 

D.  Safety  goggles 

E.  Coveralls  or  protective  clothing 

II.    Procedure  for  turning  on,  lighting,  and  adjusting  the  cutting  torch  to  a  neutral 
flame 

A.  Check  all  cylinder,  regulator,  and  torch  valves  to  make  sure  they  are  closed 

B.  Open  acetylene  cylinder  valve  1/2  to  3/4  of  a  turn 
(NOTl.:  Never  open  cylinder  valve  more  than  1  1/2  turns.) 

C.  Open  acetylene  valve  on  torch  one  turn 

D.  Turn  rjdjusting  screw  on  acetylene  regulator  clockwise  until  desired  pressure 
IS  reached 

(NOTE:  Oxygen  and  acetylene  pressures  and  size  of  tio  depend  upon  the 
thickness  of  metal  to  be  cut.  Use  pressures  and  tip  su?  recommended 
manufacturer.) 

E.  Close  acetylene  valve  on  torch 

F.  Open  oxygen  cylinder  valve  all  the  way 

G.  Open  oxygen  torch  valve  all  tKe  way 

H.  Open  oxygen  preheat  valve  on  cutting  attachment  one  turn 

I.  Turn  adjusting  screw  on  oxygen  regulator  clockwise  until  desired  pressure 
IS  reached 

J.     Close  oxygen  preheat  valve  on  cutting  attachment 
K.    Open  acGt\lene  valve  on  torch  1/4  turn 
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JOB  SHEET  #2 


L     Light  the  torch  with  flint  lighter  and  adjust  until  smoke  on  flame  clears 

M.    Open  oxygen  preheat  valve  slowly  and  adjust  to  a  neutral  flame 

N.    Depress  the  oxygen  cutting  lever  and  check  to  see  that  a  neutral  flame 
is  present 

{NOTE:  If  necessary,  adjust  the  oxygen  preheat  valve  with  the  oxygen 
cutting  lever  depressed  until  a  neutral  flame  is  secured.) 

Procedure  for  turning  off  the  fl  me  and  oxyacetylene  unit 

A.  Close  acetylene  valve  on  torch 

B.  Close  oxygen  preheat  valve 

C.  Close  acetylene  cylinder  valve 

D.  Close  oxygen  cylinder  valve 

E.  Open  acetylene  valve  on  torch 

(NOTE:  When  gauges  reach  "0",  close  torch  valve  and  release  adjusting 
screw  on  acecylene  regulator  by  turr-ng  counterclockwise.) 

F.  Open  oxygen  preheat  valve  on  tor  Ji 

(NOTE:  When  gauges  reach  "0",  close  oxygen  preheat  valve  and  release 
adjusting  screw  on  oxygen  regulator  by  turning  counterclockwise,) 

G.  Close  oxygen  valve  on  torch 

K    Place  torch  and  hose  on  hanger  or  brackets  provided 
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OXYACETYLENE  CUTTING 
UNIT  II 

JOB  SHEET  #3..MAKE  NINETY-DEGREE  CUTS  ON  MILD  STEEL 
AND  RESTART  A  CUT 

I.    Tools  and  materials 

A.  Cutting  outfit 

B.  Mild  steel  plate  1/4"  to  1/2"  thick,  4"  wide  or  wider,  8"  long  or  longer 

C.  Soapstone  with  a  sharp  point  or  edge 

D.  Straightedge 

E.  Gloves 

F.  Safety  goggles 

G.  Pliers 

H.  Coveralls 

I.  Flint  lighter 

J.     Welding  or  cutting  table 
K.    Slag  box 
L    Can  of  water 
M.    Cutting  tip 
II.  Procedurt; 

A.  Mark  four  parallel  lir.ps  2"  apart  on  plate  to  be  cut 

B.  Adjust  oxygen  regulator 

C.  Adjust  acetylene  regulator 

D.  Place  plate  over  slag  box 

E.  Light  torch 

F.  Adjust  to  neutral  flame 

G.  Assume  comfortable  position 
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JOB  SHEET  #3 

H.  Place  hoses  behind  you 

I.  Maneuver  torch  with  both  hands 

J.     Hold  preheat  flame  with  tip  of  inner  cone  1/16"  to  1/8"  above  top  of 
plate  at  right  edge  until  red  spot  appears 

K.    Depress  the  oxygen  cutting  lever  and  move  from  right  to  left  across  the 
plate  (Figure  1) 


FIGURE  1 


Held  the  tip  at  right  angle  to  work  while  cutting  with  inner 


1/16"  to  1/8"  above  work 


cone  being 


Make  90**  cuts  until  you  have  developed  the  proper  procedure 


N.    Cool  metal  by  placing  in  can  of  water  with  the  aid  of  plii 
0.    Show  samples  to  instructor  for  approval  and  grading 
Procedure  for  restarting  a  cut 

A.  Release  the  oxygen  cutting  lever 

B.  Preheat  edge  only  where  cutting  action  was  stopped 

C.  Depress  oxygen  cutting  lever  slowly  and  continue  cut 
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OXYACETYLENE  CUTTING 
UNIT  II 

JOB  SHEET  #4--CUT  ROUND  STOCK 


Tools  and  materials 

A 

.Cutting  outfit 

D. 

Pieces  of  reinforcing  bar,  1/2",  5/8",  3/4" 

c 

Soapstone  with  sharp  point  or  edge 

D. 

1  ape  measure 

o 1 oves 

r. 

Safety  goggles 

o. 

niers 

H. 

Coveralls 

1. 

Flint  lighter 

J. 

Welding  or  cutting  ':able 

K. 

Slag  box 

L. 

Can  of  water 

M. 

Cutting  tip 

Procedure 

A. 

Mark  reinfo-cing  bar  to  desired  length 

B. 

Adjust  oxygen  and  acetylene  regulators 

C. 

Place  area  to  be  cut  over  slag  box 

D. 

Light  torch 

E. 

Adjust  to  neutral  flame 

F. 

Assume  comfortab'e  position 

G. 

Place  hoses  behind  you 

H. 

Maneuver  torch  with  both  hands 
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JOB  SHEET  #4 


Hold  preheat  flame  with  tip  of  inner  cone  1/16"  to  1/8"  above  edqe  of 
reinforcing  bar  until  it  becomes  red 

Depress  the  cutting  lever  and  rotate  torch  tip  into  the  direction  of  travel 
until  rod  is  cut  (Figure  1) 


Repeat  the  procedure  for  each  bar  or  rod 
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OXYACETYLENE  CUTTING 
UNIT  II 


NAME 


TEST 


Match  the  terms  on  the  right  to  the  correct  definitions, 
a.  Fire  inside  of  the  torch 


b.  Momentary  burning  back  of  the  flame 
into  the  tip 


c.  Process  by  which  iron  or  steel  is  heated 
to  a  temperature  where  it  can  be  rapidly 
oxidized  by  high  purity  oxygen  flowing 
under  pressure  through  a  cutting  torch 

_d.  Metal  container  with  a  layer  of  water  or 
sand  to  catch  hot  slag 

_e.  Situation  in  which  the  most  distant 
portion  of  the  cutting  stream  lags  behind 
the  stream  nearest  the  cutting  tip 

_f.  Combining  oxygen  with  another 
substance 

_g.  Substance  that  is  produced  when  oxygen 
is  combined  with  an  element 

h.  Area  of  material  removed  from  a  piece 
of  metal  by  a  saw  or  cutting  torch 

J.  To  remove  any  foreign  material  from  a 
system  or  component  by  flushing  with 
the  gas  used  in  that  system 


1. 

Slag  box 

2. 

Oxidizing 

3. 

Flashbact< 

4. 

"^Dragline 

5. 

Oxide 

6. 

Backfire 

7. 

Kerf 

8. 

Purge 

9. 

Flame 

cutting 

10. 

Slag 

j.  Metal  which  melts  away  during  the 
oxyacetylene  cutting  process 
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Identify  the  parts  of  the  torch  body  and  cutting  attachment  by  writing  the 
correct  names  in  the  blanks. 


7BH 


6.       List  five  reasons  for  poor  cuts. 


7.      Select  the  causes  of  a  backfire  by  placing  an  "X"  in  the  appropriate  blanks. 

 ^a.  Too  much  oxygen 

 ^b.  Insufficient  acetylene  or  oxygen  pressure 

 ^c.  Too  much  acetylene 


d.  Loose  cutting  tip 

e.  Overheating  of  cutting  tip 

f.  Bad  "0"  ring  in  torch  body 


 ^g.  Dirty  tip 

8.       Describe  what  happens  when  a  backfire  occurs. 


9*       Describe  what  happens  when  a  flashback  occurs* 
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List  in  the  proper  order  the  steps  to  follow  in  case  of  a  flashback. 

a. 

b. 

c. 

d. 

e. 

f. 

g* 

h. 

Demonstrate  the  ability  to: 

a.  Set  up  equipment  for  oxyacetylene  cutting. 

b.  Turn  on,  light,  adjust  to  a  neutral  flame,  and  turn  off  oxyacetylene  cutting 
equipment. 

c.  Make  ninety-degree  cuts  on  mild  steel  and  restart  a  cut. 

d.  Cut  round  stock. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask 
your  instructor  when  they  should  be  completed.) 
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OXYACETYLENE  CUTTING 
UNIT  II 


ANSWERS  TO  TEST 

a.  3  f.  2 

b.  6  g.  5 

c.  9  h.  7 

d.  1  i.  8 

e.  4  j.  10 

a.  Oxygen  pressure  regulating  screw 

b.  Oxygen  regulator 

c.  Oxygen  cylinder  valve 

d.  Acetylene  regulator 

e.  Acetylene  pressure  regulating  screw 

f.  Acetylene  cylinder  vaive 

g.  Acetylene  cylinder 

h.  Safety  chain 

i.  Oxygen  cylinder 
j.  Cylinder  truck 
k.  Oxygen  hose 

I.  Acetylene  hose 

m.  Acetylene  fitting 

n.  Acetylene  torch  valve 

0.  Torch  body 

p.  Tip 

q.  Oxygen  preheat  valve 

r.  Tip  nut 
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s.  Cutting  attachment 

t  Oxygen  cutting  lever 

u.  Oxygen  fitting 

V.  Oxygen  torch  valve 

a.  Oxygen  fitting 

b.  Acetylene  fitting 

c.  Oxygen  torch  valve 

d.  Acetylene  torch  valve 

e.  Torch  body 

f.  Oxygen  cutting  lever 

g.  Oxygen  preheat  valve 

h.  Tip  nut 

i.  Tip 

j.  Preheat  orifice 

k.  Cutting  orifice 

Any  eight  of  the  following: 

a.  Secure  cylinders  in  an  upright  position  to  prevent  damage  to  valves  or 
regulators 

b.  Purge  cylinder  valve  before  attaching  regulators 

c.  Release  adjusting  screws  on  regulator  before  opening  cylinder  valve 

d.  Stand  to  one  side  of  regulator  while  slowly  opening  the  cylinder  valve 

e.  Do  not  use  acetylene  at  pressures  higher  than  15  psi 

f.  Purge  oxygen  and  acetylene  passages  before  lighting  torch 

g.  Light  acetylene  gas  before  opening  oxygen  valve  on  torch 

h.  Do  not  use  oil  on  regulators,  torches,  fittings,  or  any  place  that  it  may 
come  in  contact  with  oxygen 

i.  Do  not  use  oxygen  as  a  substitute  for  compressed  air 


j.  Keep  heat,  flames,  and  sparks  away  from  combustibles 

k.  Use  safety  goggles,  gloves,  and  protective  clothing 

I.  Test  connections  for  leaks  with  soapsuds  and  paintbrush 

m.    Do  not  use  weld  on  containers  that  have  been  used  for  combustible  materials 

n.  Avoid  breathing  toxic  fumes  when  welding 

o.  Do  not  leave  a  burning  torch  unattended 

p.  Do  not  cut  a  weld  near  concrete 

q.  Operate  torch  in  a  well-ventilated'  place 

r.  Weld  or  cut  at  least  five  feet  from  cylinders 

s.  Protect  hoses  from  hot  metal,  rupture,  or  mechanical  damage 

t.  Others  as  added  by  instructor 

a.  Carburizing 

b.  Neutral 

c.  Oxidizing 

Any  five  of  the  following: 

a.  Preheat  flames  too  small 

b.  Preheat  flames  too  long 

c.  Oxygen  pressure  too  low 

d.  Oxygen  pressure  too  high;  nozzle  size  too  small 

e.  Cutting  speed  too  slow 

f.  Cutting  speed  too  fast 

g.  Blowpipe  travel  unsteady 

h.  Cut  lost  and  not  carefully  restarted 
b,  d,  e,  f,  g 
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Description  should  Include: 

a.  Flame  burns  momentarily  back  into  tip 

b.  A  loud  snap  or  pop  is  emitted  from  the  torch 

c.  Flame  either  goes  out  or  continues  to  burn  in  normal  manner 
Description  should  include: 

a.  Flame  disappears  inside  the  torch  body 

b.  Squealing  noise,  smoke,  and/or  sparks  are  emitted  from  the  torch  tip 

a.  Close  oxygen  preheat  valve 

b.  Close  oxygen  torch  valve 

c.  Close  acetylene  torch  valve 

d.  Release  oxygen  regulator  screw 

e.  Release  acetylene  regulator  screw 

f.  Examine  acetylene  unit 

g.  Reset  regulator  pressures 

h.  Light  torch 

Performance  skills  evaluated  to  the  satisfaction  of  the  J.istructor 


OXYACETYLENE  FUSION  WELDING 
UNIT  III 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  demonstrate  the  ability  to 
light,  adjust,  and  turn  off  the  oxyacetylene  welding  equipment,  handle  the  equipment 
properly,  and  make  welds  with  or  without  filler  rod.  The  student  should  also  be  able 
to  select  proper  tip  size  and  list  factors  that  determine  the  correct  type  of  filler  rod 
to  use.  This  knowledge  will  be  evidenced  through  demonstration  and  by  scoring  eighty-five 
percent  on  the  unit  test. 


After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  oxyacetylene  fusion  welding  to  the  correct 
definitions. 

2.  Identify  the  parts  of  oxyacetylene  fusion  welding  equipment. 

3.  Select  factors  that  determine  weld  quality. 

4.  List  properties  of  a  good  weld. 

5.  Select  factors  that  determi.ne  tip  size  in  oxyacetylene  welding. 

6.  List  two  factors  that  determine  the  type  of  filler  rod  to  use  in  oxyacetylene 
welding. 

7.  State  the  purpose  of  a  fii'cr  rod. 

8.  Identify  types  of  oxyacetylene  fusion  welding  flames. 

9.  Demonstrate  the  ability  to: 


a.  Turn  on,  light,  adjust,  and  turn  off  oxyacetylene  welding  equipment. 

b.  Construct  a  corner  weld  without  filler  rod. 

c.  Lay  beads  on  gauge  metal  without  filler  rod. 

d.  Lay  beads  on  gauge  metal  with  filler  rod. 

e.  Weld  butt  joints  with  filler  rod. 


SPECIFIC  OBJECTIVES 
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OXYACETYLENE  FUSION  WELDING 
UNIT  III 

SUGGESTED  ACTIVITIES 

I,  Instructor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  information  and  job  sheets. 

C.  Make  transparencies. 

D.  Discuss  unit  and  specific  objectives. 

E.  Discuss  information  sheet. 

F.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

G.  Secure  films  on  oxyacetylene  fusion  welding  to  show  to  the  class. 

H.  Give  test. 
!l.  Student: 

A.  Read  objective  sheet. 

B.  Study  information  sheet. 

C.  Complete  job  sheets. 

D.  Take  test. 

INSTRUCTIONAL  MATERIALS 

1.    Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sfieet 

C.  Transparency  masters 

1.  TM  1  "Oxyacetylene  Fusion  Welding  Equipment 

2.  TM  2"Welding  Torches 


ERLC 


1253 


3.  TM  3"Welding  Regulators 

4.  TM  4-Cxvacetvlene  Fusion  Welding  Flames 

D.  Job  sheets 

1 .  Job  Sheet  #1"Turn  On,  Light,  Adjust,  and  Turn  Off  Oxyacetylene 
Welding  Equipment 

2.  Job  Sheet  #2-Construct  a  Corner  Weld  Without  a  Filler  Rod 

3.  Job  Sheet  #3"Lay  Beads  on  Gauge  Metal  Without  Filler  Rod 

4.  Job  Sheet  #4"LaY  Beads  on  Gauge  Metal  with  Filler  Rod 

5.  Job  Sheet  #5"Weld  Butt  Joints  with  Filler  Rod 

E.  Test 

F.  Answers  to  test 
R3ferences: 

A.  Smiths  Instructor's  Manual  for  a  Basic  Course  in  Oxyacetylene  Brazing, 
Cutting,  and  Welding,  Form  424.  Minneapolis,  Minnesota:  Smith  Welding 
Equipment  Tescom  Corporation. 

B.  Smith's  Instructor's  Manual  Answer  Key.  Form  429.  Minneapolis, 
Minnesota:  Smith  Welding  Equipment/Division  of  Tescom  Corp. 


C.  Phipps,  Lloyd  J.;  McCoMy,  H.  F.;  Scranton,  L.  L.;  and  Cook,  G.  C.  Farm 
Mechanics  Text  and  Handbook.  Danville,  Illinois:  The  Interstate  Printers 
and  Publishers,  Inc. 

D.  Althouse,  Andrew  D.;  Turnquist.  Carl  H.;  and  Bowditch,  William  A.  Modern 
Welding.  Homewood,  Illinois:  Goodheart-Willcox  Co.,  Inc.  1965. 

E.  The  Oxyacetylene  Handbook:  A  Manual  on  Oxyacetylene  Welding  and 
Cutting  Procedures.  New  York:  Linde  Division/Union  Carbide  Corp. 
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OXYACETYLENE  FUSION  WELDING 
UNIT  III 

INFORMATION  SHEET 

I.  Terms  and  definitions 

A.  Fusion  welding-Joining  of  pieces  of  metal  by  heating  the  adjoining  edges 
to  the  fusion  or  melting  point  and  allowing  them  to  flow  or  run  together 
and  then  cool 

B.  Penetration-Distance  from  the  original  surface  of  the  b'ase  metal  to  that 
point  at  which  fusion  ceases 

C.  Base  metal-Metal  to  be  welded 

D.  Alloy-Mixture  with  metallic  properties;  composed  of  two  or  more  elements 
of  which  at  least  one  is  a  metal 

E.  Inner  cone-Inner  white  part  of  a  neutral  fl?»me 

F.  Tack  weld-Short  weld  used  for  temporarily  holding  metal  in  place 

G.  Backfire-Momentary  burning  back  of  the  flame  into  the  tip;  flame  goes 
out  with  a  loud  snap  or  pop 

H.  Flashback-Fire  inside  the  torch;  indicated  by  a  hissing  or  squealing  sound 
(CAUTION:  This  is  a  very  dangerous  condition.) 

II.  Oxyacetylene  fusion  welding  equipment  (Transparencies  1,  2,  and  3) 

A.  Acetylene  cylinder 

B.  Acetylene  cylinder  valve 

C.  Acetylene  fitting 

D.  Acetylene  regulator 

E.  Oxygen  cylinder 

F.  Oxygen  cylinder  valve 

G.  Oxygen  fitting 

H.  Oxygen  regulator 

I.  Oxygen  torch  va^ve 


ERLC 


1255 


90-H 


INFORMATION  SHEET 

J.     Torch  body 

K.    Acetylene  torch  valve 

L    Welding  tip 

M.    Welding  goggles 

N.    Welding  gloves 

0.    Safety  chain 

P.     Flint  lighter 

Q.    Cylinder  truck 

R.    Oxygen  hose 

S.    Acetylene  hose 

III.  Factors  that  determine  weld  quality 

A.  Proper  flame  adjustment 

B.  Angle  of  tip 

C.  Distance  from  work 

D.  Speed  of  travel 

E.  Movement  of  tip 

IV.  Properties  of  a  good  weld 

A.  Consistent  width 

B.  Straightness 

C.  Slightly  crowned 

D.  Fused  into  base  metal 

E.  Clean  appearance 

V.  Factors  that  determine  tip  size 

A.  Thickness  of  metal 

B.  Size  of  welding  rod 

{NOTE:  Always  use  manufacturer's  recommendation  on  tip  size.) 
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INFORMATION  SHEET 

VI.  Factors  that  determine  filler  rod  selection 

A.  Roa  with  similar  properties  as  base  metal 

B.  Thickness  of  metal 

(NOTE:  A  general  rule  is  to  use  a  rod  with  a  diameter  equal  to  the  thickness 
of  the  base  metal.) 

VII.  Purpose  of  filler  rod-To  add  strength  to  weld  or  joint 
VIM.    Oxyacetylene  welding  flames  (Transparency  4) 

A.  Carburizing  flame 

(NOTE:  The  flame  contains  an  excess  of  acetylene  and  is  identified  by 
an  acetylene  feather  visible  on  the  inner  cone.  It  is  recommended  for  welding 
cast  iron.  Carbon  is  introduced  into  the  weld,  causing  hardening  of  the 
metal.) 

B.  Neutral  flame 

(NOTE:  The  flame  burns  equal  parts  of  oxygen  and  acetylene  at  a 
temperature  of  approximately  5950''F  or  3270*'C.  It  is  identified  by  a  clear 
well-defined  white  inner  cone.) 

C.  Oxidizing  flame 

(NOTE:  The  flame  burns  an  excess  of  oxygen  and  is  identified  by  a  short 
inner  cone.  It  is  the  hottest  of  the  three  types  of  welding  flames.  It  oxidizes 
the  metal,  causing  it  to  harden  and  become  brittle,  and  is  therefore  not 
recommended  for  welding  most  metals.  It  is  recommended  for  brazing  when 
slightly  oxidized.) 
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Oxyacetylene  Fusion  Weiiling  Equipment 


Flashback    Oxygen  O^Vge" 
Check        Cylinder  J^!9"'^*°> 
Valve  \^  Valve 

Acetylene 
Regulator 


Acetylene 
Cylinder 


Acetylene 
Cylinder 
Valve 


Flint  Lighter 


Welding  Gloves 


Oxygen  Fitting  (Right-hand  threads) 
Oxygen  Torch  Valve 
Torch  Body 


Welding  Tip 


Cylinder  Truck 


Acetylene  Torch  Valve 
Acetylene  Fitting 

(Hex-grooved  nut,  left-hand  threads) 
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Welding  Torches 


Welding  Head 


Blowpipe  Handle 


Injector       Acetylene  Valve 
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Welding  Regulators 


ACETYLENE  HOSE  OUTLET  FITTING  > 


TM  3 


Oxyacetylene  Fusion  Welding  Flames 


Csrburizing  Flame 


Neutral  Flame 


OXYACETYLENE  FUSION  WELDING 
UNIT  III 


JOB  SHEET  #1--TURN  ON,  LIGHT,  ADJUST,  AND 
TUPN  OFF  OXYACETYLENE  WELDING  EQUIPMENT 

Tools  and  equipment 


A. 

Oxygen  cylinder 

B. 

Acetylene  cylinder 

C. 

Hoses 

D. 

Oxygen  and  acetylene  regulators 

E 

Torch  body  and  welding  tips 

F. 

Cylinder  holder  and  hose  racK 

G. 

Flint  lighter 

H. 

Welding  goggles  with  #5  lens 

1. 

Appropriate  gloves 

Procedure 

A. 

Turn  on  and  light  torch 

1.  Check  all  cylinder,  regulator,  and  torch  valves  to  make  sure  they 
are  t  rned  off 

2.  Open  acetylene  cylinder  valve  1/2  to  3/4  of  a  turn 
(CAUTION:  Never  open  valve  more  than  1  1/2  turns.) 

3.  Open  acetylene  valve  on  torch  one  turn  to  purge  line 
(CAUTION:  Acetylene  pressure  should  never  exceea  15  psi.) 

4.  Turn  acetylene  regulator  pressure  adjusting  screw  clockwise  until 
desired  working  pressure  is  reach2d 

(NOTE:  The  working  pressure  is  determined  by  the  size  of  the 
tip.) 

5.  Close  acetylene  valve  on  torch 

6.  Open  oxygen  cylinder  valve  all  the  way  and  tighten  in  open 
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JOB  SHEET  #1 


7.  Open  oxygen  torch  valve  one  turn 

8.  Turn  oxygen  regulator  pressure  adjusxJng  screw  clockwise  until 
desired  pressure  is  reached 

(NOTE:  The  working  press  -re  is  determined  by  the  size  of  the 
tip.) 

9.  Close  oxygen  valve  on  torch 

10.  Open  acetylene  valve  on  torch  1/4  turn 

11.  Light  the  torch  with  flint  lighter  and  adjust  until  smoke  on  flame 
clears 

12.  Open  oxygen  torch  valve  and  adjust  to  a  neutral  flame  with  a 
tiny  trace  of  feather  on  the  inner  cone 

Adjust  welding  torch  for  the  three  types  of  flames,  starting  with  a  neutral 
flame 

(NOTE:  To  produce  a  carburizing  flame,  reduce  the  supply  of  oxygen  by 
slowly  closing  the  oxygen  torch  valve  until  an  excess  acetylene  feather  is 
produced.  To  produce  an  oxidizing  flame,  increas3  the  supply  of  oxygsn 
by  slowly  opening  the  oxygen  torch  valve  until  a  short,  white  inner  cone 
is  produced.) 

Turn  off  the  torch  and  oxyacetylene  welding  unit 


1. 

Close 

acetylene  torch  valve 

2. 

Close 

oxygen  torch  valve 

3. 

Close 

acetylene  cylinder  valve 

4. 

Close 

oxygen  cylinder  valve 

5. 

Open 

acetylene  torch  valve 

(NOTE:  When  gauges  reach  0,  release  acetylene  regulator  pressure 
adjusting  screw  and  close  to.cK  valve.) 

6       Open  oxygen  valve  on  torch 

(NOTE:  When  gauges  reach  0,  release  oxygen  regulator  pressure 
adjusting  screw  and  close  torch  valve.) 

(CAUTION:  Do  not  open  the  acetylene  and  oxygen  torch  vah-es 
at  the  same  time.) 

7.       Place  torch  and  hoses  on  hanger  or  brackets 
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OXYACETYLENE  FUSION  WELDING 
UNIT  III 

JOB  SHEET  #2-C0NSTRUCT  A  CORNER  WELD  WITHOUT  A  FILLER  ROD 

I.    Tools  and  materials 

A.  Oxyacetylene  welding  unit 

B.  Welding  tip  (according  to  manufacturer's  recommendations) 

C.  Gloves 

D.  Goggles 

E.  Pliers 

F.  Wire  brush 

G.  Flint  lighter 

H.  Firebrick 

I.  Mild  steel,  2  strips  of  16  gauge,  1  1/4"  x  6" 
11.  Procedure 

A.  Prepare  metal  for  welding 

B.  Place  metal  in  welding  position 

C.  Turn  on  oxyacetylene  unit 

D.  Set  working  pressure 

(NOTE:  Refer  to  manufacturer's  recommendations.) 

E.  Light  torch  and  adjust  to  a  neutral  flame  with  very  slight  feather 

F.  Tack  weld  metai  in  position 

G.  Place  inner  cone  about  1/16"  to  1/8"  from  plate 

(NOTE:  Do  not  begin  travel  until  ycu  have  established  a  molten  puddle.) 

H.  Begin  welding  at  right  end 
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JOB  SHEET  #2 

I.     Hold  tip  vertically  at  45*"  angle  from  direction  of  travel  (Figure  1) 


J.     Move  flame  slowly  down  the  joint,  formhg  a  puddle  as  you  travel  from 
right  to  left 

K.    Examine  welded  joint  for  good  bead  characteristics  and  penetration 
L.    Show  welded  joint  to  instructor 
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OXYACETYLENE  FUSION  WELDING 
UNIT  Mi 

JOB  SHEET  #3"LAY  BEADS  ON  GAUGE  METAL  WITHOUT  FILLER  ROD 

I.  Tools  and  materials 

A.  Oxyacetylene  welding  unit 

B.  Welding  tip  (according  to  manufacturer's  recommondations) 

C.  Gloves 

D.  Goggles 

E.  Pliers 

F.  Wire  brush 

G.  Flint  lighter 

H.  Firebrick 

I.  Mild  steel,  1  strip  of  16  gauge,  1  1/4"  x  6" 

II.  Procedure 

A.  Prepare  metal  for  welding 

B.  Place  metal  in  welding  position 

C.  Turn  on  oxyacetylene  unit 

D.  Set  working  pressure 

(NOTE:  Refer  to  manufacturer's  recommendations.) 

E.  Light  torch  and  adjust  to  a  neutral  flame 

F.  Place  inner  cone  about  1/16"  to  1/8"  from  metal 

(NOTE:  Do  not  begin  travel  until  you  have  established  a  molten  puddle.) 
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H.  Move  the  torch  forward  slowly,  allowing  the  metal  to  melt 

I.  Show  beads  to  instructor 
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OXYACETYLENE  FUSION  WELDING 
UNIT  III 


JOB  SHEET  #4-LAY  BEADS  ON  GAUGE  METAL  WITH  FILLER  ROD 

I.  Tools  and  materials 

A.  Oxyacetylene  welding  unit 

B.  Welding  tip  (according  to  manufacturer's  recommendations) 

C.  Gloves 

D.  Goggles 

E.  Pliers 

F.  Wire  brush 

G.  Flint  lighter 

H.  Firebrick 

I.  Mild  steel,  1  strip  of  16  gauge,  1  1/4"  x  6" 

J.  Mild  steel  filler  rod  (according  to  manufacturer's  recommendations) 

II.  Procedure 

A.  Prepare  metal  for  welding 

B.  Place  metal  in  welding  position 

C.  Turn  on  oxyacetylene  unit 

D.  *Set  working  pressure 

(NOTE;  Refer  to  manufacturer's  recommendations.) 

E.  Light  torch  and  adjust  to  a  neutral  flame 


JOB  SHEET  #4 


G.  Place  inner  cone  about  1/16''  to  1/8"  from  surface  of  puddle 
{NOTE:  Do  not  begin  travel  until  you  have  established  a  molten  puddle.) 

H.  Add  filler  rod  to  front  edge  of  puddle  in  front  of  torch 

I.  Move  puddle  forward  with  torch  and  allow  puddle  to  form  in  base  metal 

J.     Add  rod  to  front  edge  of  puddle  and  withdraw  rod  as  you  move  puddle 
forward 

K.  Keep  puddle  the  sanie  size  and  shape  for  the  entire  length  of  the  bead 
L.    Show  bead  to  instructor  when  completed 
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OXYACETYLENE  FUSION  WELDING 
UNIT  III 

JOB  SHEET  #5-WELD  BUTT  JOINTS  WITH  FILLER  ROD 

I.    Tools  and  materials 

A.  Oxyacetylene  welding  unit 

B.  Welding  tip  (according  to  manufacture; 's  recommendations) 

C.  Gloves 

D.  Goggles 

E.  Pliers 

F.  Wire  brush 

G.  Flint  lighter 

H.  Firebrick 

I.  Mild  steel  2  strips  of  16  gauge,  1  1/4"  x  6" 

J.     Mild  steel  filler  rod  (according  to  manufacturer's  recommendations) 
II.  Procedure 

A.  Prepare  metal  for  welding 

B.  Place  metal  in  welding  position 

C.  Turn  on  oxyacetylene  unit 

D.  Set  working  pressure 

(NOTE:  Refer  to  manufacturer's  recommendations.) 

E.  Light  torch  and  adjust  to  a  neutral  flame 

F.  Tack  weld  metal  together  at  both  ends  of  joint 
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JOB  SHEET  #5 
G.    Hold  torch  30""  to  45""  from  center  (Figure  1) 


(NOTE:  Do  not  begin  travel  until  you  have  established  a  molten  puddle.) 

H.  Place  inner  cone  about  1/16"  to  1/8"  from  surface  of  puddle 

I.  Add  filler  rod  to  front  edge  of  puddle  in  front  of  torch 

J.     Move  puddle  forward  with  torch  and  allow  puddle  to  form  in  base  metal 

K.    Add  rod  to  front  edge  of  puddle  and  withdraw  rod  as  you  move  puddle 
forward 

L.  Keep  puddle  the  same  size  and  shape  for  the  entire  length  of  the  bead 
M.    Show  bead  to  instructor 
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UNIT  III 


NAME  

TEST 

Match  the  terms  on  the  right  to  the  correct  definitions. 


a. 

Metal  to  be  welded 

1. 

Tack  weld 

b. 

Fire  inside  the  torch;  indicated  by  a 

2. 

Flashback 

hissing  or  squealing  sound 

3. 

Backfire 

c. 

Joining  of  pieces  of  metal  by  heating  the 

adjoining  edges  to  the  fusion  or  melting 

4. 

Inner  cone 

point  and  allowing  them  to  flow  or  run 

together  and  then  cool 

5. 

Alloy 

d. 

Inner  white  part  of  a  neutral  flame 

6. 

Base  metal 

e. 

Distance  from  the  original  surface  of  the 

7. 

Penetration 

base  metal  to  that  point  at  which  fusion 

ceases 

8. 

Fusion  welding 

f.  Short  weld  used  for  temporarily  holding 
metal  in  place 


g.  Mixture  with  metallic  properties; 
composed  of  two  or  more  elements  of 
which  at  least  one  is  a  metal 

h.  Momentary  burning  back  of  the  flame 
into  the  tip;  flame  goes  out  with  a  loud 
snap  or  pop 
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Select  factors  that  determine  weld  quality  by  placing  an  "X"  in  the  appropriate 
blanks.  -   

 ^a.  Proper  flame  adjustment 

 ^b.  Angle  of  tip 

 c.  Distance  from  work 

 d.  Thickness  of  metal 

 ^e.  Speed  of  travel 

 f.  Movement  of  tip 

 g.  Width  of  bead 

List  three  properties  of  a  good  weld. 

a. 

b. 

c. 

Select  factors  that  determine  tip  size  by  placing  an  "X"  in  the  appropriate  blanks. 

 a.  Size  of  welding  rod 

 ^b.  Temperature  of  metal 

 ^c.  Thickness  of  metal 

 d.  Distance  to  work 

List  two  factors  that  determine  the  type  of  filler  rod  to  use  in  oxyacetylene 
welding. 

a. 

b. 

State  the  purpose  of  a  filler  rod. 
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Identify  the  three  types  of  flames  illustrated  below  by  writing  the  correct  names 
in  the  blanks. 


a. 


b. 


c.  

Demonstrate  the  ability  to: 

a*    Turn  on,  light,  adjust,  and  turn  off  oxyacetylene  welding  equipment. 

b.  Construct  a  corner -weld  without  filler  rod. 

c.  Lay  beads  on  gauge  metal  without  filler  rod: 

d.  Lay  beads  on  gauge  metal  with  filler  rod. 

e.  Weld  butt  joints  with  filler  rod. 

(NOTE:  If  these  activities  have  not  been  accomplished  pripr  to  the  test,  ask 
your  instructor  when  they  should  be  completed.) 
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OXYACETYLENE  FUSION  WELDING 

t,:' 

UNIT  III 

ANSWERS  TO  TEST 

1.  a. 

6                       e.  7 

b. 

2                       f.  1 

c. 

8                       g.  5 

d. 

4                       h.  3 

2.  a. 

Oxygen  regulator 

b. 

Oxygen  cylinder  valve 

c. 

Acetylene  regulator 

d. 

Acetylene  cylinder  valve 

e. 

Acetylene  cylinder 

f. 

Safety  -  chain 

>• 

g. 

Oxygen  cylinder 

h. 

Cylinder  truck 

i. 

Oxygen  fitting 

j. 

Oxygen  torch  valve 

k. 

Torch  body 

1. 

Welding  tip 

m. 

Acetylene  fitting 

-  " 

n. 

Acetylene  torch  valve 

0. 

Oxygen  hose 

p. 

Acetylene  hose 

q. 

Welding  goggles 

r. 

Flint  lighter 

-Welding  gloves 
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3.  a,  f 

4.  ^    Any  three  of  the  following: 

a.  Consistent  width 

b.  Straightness 

c.  Slightly  crowned 

d.  Fused  into  base  nnetal 

e.  Clean  appearance 

5.  a,  c 

6.  a.     Rod  with  similar  properties  as  base  metal 
b.    Thickness  of  metal 

i 

7.  To  add  strength  to  weld  or  Joint  , 

8.  a.  Carburizing 

b.  Oxidizing 

c.  Neutral 

9.  Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 
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OXYACETYLENE  BRAZE  WELDING 
UNIT  IV 


UNIT  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  describe  the  differences 
between  braze  welding  and  fusion  welding  and  list  advantages  and  disadvantages  of  braze 
welding.  The  student  should  also  be  able  to  describe  the  reaction  when  adding  bronze 
to  base  metal  that  is  too  hot,  too  cold,  or  of  correct  temperature.  This  knowledge  will 
be  evidenced  through  demonstration  and  by  scoring  eighty-five  percent  on  the  unit  test. 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  brazing  to  the  correct  definitions. 

2.  List  advantages  and  disadvantages  of  braze  v^ldingi^  

3.  State  the  importance  of  having  a  chemically  clean  metal  surface  in  braze 
welding. 

4.  Select  methods  for  removing  oxides  from  a  clean  metal  surface. 

5.  Describe  the  differences  between  braze  welding  and  fusion  welding. 

6.  List  purposes  for  using  flux. 

7.  Describe  the  reaction  of  molten  bronze  when  the  temperature  of  the  base 
metal  is  too  hot,  too  cool,  and  correct. 

8.  Demonstrate  the  ability  to  braze  weld  a  square  groove  butt  joint. 
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OXYACETYLENE  BRAZE  WELDING 
UNIT  IV 

SUGGESTED  ACTIVITIES 

K  Instructor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  information  and  job  sheets. 

C.  Make  transparency. 

D.  Discuss  unit  and  specific  objectives. 

E.  Discuss  informatioft  sheet. 

F.  Demonstrate  and  discuss  the  procedure  outlined  in  the  job  sheet. 

(NOTE:  The  instructor  may  want  to  secure  the  film  on  braze  welding  from 
a  local  welding  supplier  to  show  to  tt^e  class.) 

G.  Give  test. 
II.  Student: 

A.  Read  objective  sheet. 

B.  Study  information  sheet. 

C.  Complete  job  sheet. 

D.  Take  test. 

INSTRUCTIONAL  MATERIALS 

I.    Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  master:  TM  l-Braze  Welding  a  Butt  Joint 

D.  Job  Sheet  #1 -Braze  Weld  a  Square  Groove  Butt  Joint 

E.  Test 

F.  Answers  to  test 
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OXYACETYLENE  BRAZE  WELDING 
UNIT  IV 

INFORMATION  SHEET 

K    Terms  and  definitions 

A.  Braze  welding-Heating  the  base  metal  to  a  dull  red  color  and  depositing 
a  bead  over  the  seam  (joint)  with  a  bronze  filler  rod;  the  base  metal  Is 
not  melted  (Transparency  1) 

B.  Malleability-Property  of  metals  which  allows  them  to  be  bent  or 
permanently  distorted  without  mpture;  opposite  of  brittleness 

C.  Ductile-Capable  of  being  drawn  or  stretched  out 

D.  Tinning  operation-Melting  a  small  amount  of  bronze  rod  onto  the  surface 
and  allowing  it  to  spread  along  the  entire  seam  (joint) 

(NOTE:  It  is  this  flow  of  the  thin  film  of  bronze  which  is  known  as  tinning.) 

E.  Flux-Chemica!  used  to  clean  metals  and  to  promote  fusion  during  the 
welding  process 

II.    Advantages  and  disadvantages  of  braze  welding 

A.  Advantages 

1.  Provides  less  chance  of  destroying  main  characteristics  of  base 
metal  since  it  is  not  heated  to  a  molten  condition 

2.  Consumes  !esi*  gas 

3.  Can  be  used  on  thin  metals 

4.  Used  ori  malleable  castings 

5.  Increases  speed  of  joining  metals 

6.  May  be  used  to  join  different  kinds  of  metals 

B.  Disadvantages 

1.  Cannot  be  used  on  metal  where  stress  is  a  factor 

2.  Expensive  to  use 
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INFORMATION  SHEET 


3. 


Not  recommended  for  parts  which  are  raised  to  temperatures 
higher  than  the  melting  point  of  bronze,  either  in  service  or  during 
heat  treatment 


(NOTE:  Bronze  will  lose  its  strength  at  temperatures  above  500''F 
or  260^0 


4. 


Will  not  bond  unless  base  metal  has  corrosion-resistant  properties 
similar  to  bronze 


ill.    Importance  of  a  chemically  clean  surface  in  braze  welding 

A.  Ensures  that  the  molten  bronze  will  stick  to  the  base  metal 

B.  Has  a  stronger  bond  on  base  metal 

C.  Allows  bronze  to  flow  smoothly  and  evenly  over  entire  weld  area 
IV.    Methods  for  removing  oxides  from  clean  metal  surfac* 

A.    Mechanical  means 


1.  Wire  brush 

2.  Grinder 

B.    Chemical  means-Flux 

(NOTE:  Both  methods  should  be  used  to  completely  remove  the  oxides.) 
V.    Differences  between  braze  welding  and  fusion  welding 

A.  Braze  welding 

1.  The  base  metal  is  not  melted 

(NOTE:  The  base  metal  is  heated  only  to  a  dull  red  color.) 

2.  An  alloy  rod  is  used  to  lay  a  thin  coat  of  bronze  along  the  seam 

B.  Fusion  welding 

1.  Base  metal  is  melted  and  joined 

2.  Rod  with  similar  characteristics  of  base  metal  must  used 
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INFORMATION  SHEET 

VI.   Purposes  for  using  flux 

A.  Clean  the  base  metal  chemically 

B.  Prevent  oxidation  of  filler  metal 

C.  Float  and  remove  oxides  already  present 

D.  Increase  flow  of  filler  metal 

E.  Increase  ability  of  filler  metaf  to  adhere  to  the  base  metal 

F.  Bring  the  filler  metal  into  immediate  contact  with  metals  being  joined 

G.  Permit  the  filler  metal  to  penetrate  the  pores  of  the  base  metal 
VII.    Reaction  of  molten  bronze  at  different  temperatures 

A.  Too  hot-The  molten  bronze  vyM!  tend  to  boil  and  form  little  balls 

B.  Too  cool"The  molten  bronze  will  form  into  drops  rather  than  flowing  evenly 
over  the  surface 

C.  Correct"The  molten  bronze  will  spread  evenly  and  flow  over  a  considerable 
area 
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Braze  Weldiifg  A  Butt  Joint 


End  View 
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OXYACETYLENE  BRAZE  WELDING 
UNIT  IV  , 

JOB  SHEET  #1"BRAZE  WELD  A  SQUARE  GROOVE  BUTT  JOINT 

I.    Tools  and  materials 

A.  Oxyacetylene  welding  unit 

B.  Appropriate  gloves 

C.  Safety  glasses 

D.  Goggles  with  No.  5  lenses 

E.  Welding  tip  (according  to  manufacturer's  recommendations) 

F.  Wire  brush 

G.  Flint  lighter 

H.  Firebrick 

I.  Mild  steel,  2  strips  of  1/8"  thick  and  1  1/4"  x  6" 

J.  Bro.ize  filler  rod  (according  to  manufacturer's  recommendations) 

K.  Welding  flux 

L  Acetylene  valve  wrench 

II.  Procedure 

A.  Clean  metal 

B.  Place  metal  in  brazing  position,  1/16"  to  1/8"  apart 

C.  Turn  on  oxyacetylene  unit 

D.  Adjust  proper  working  pressure  of  oxygen  and  acetylene 
(NOTE:  Use  manufacturer's  recommendations.) 

E.  Place  metal  on  firebrick 

(NOTE:  Do  not  lay  metal  flat  on  brick.  Arrange  metal  so  a  small  space 
\/\\\  be  between  the  base  metal  and  the  firebrick.) 

F.  Light  and  adjust  torch  to  a  neutral  or  slightly  oxidizing  flame 
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JOB  SHEET  #1 


G.  Preheat  the  end  of  the  brazing  rod  and  dip  in  the  flux  or  use  fluxed  rod 

H.  Tack  metal  in  place  using  braze  filler  metal 

I.  Heat  the  surface  of  the  weld  area  slightly 

J.     Hold  torch  30"*  to  45^  vertically;  hold  filler  rod  at  same  angle  in  opposite 
direction  (Figure  1)  - 


Tack  1/16" 
to  1/8" 


Flux  Must  Cover  Molten  Metal 


90" 


End  View 


Tack 


K.    Melt  a  small  amount  of  bronze  rod  onto  the  surface  and  allow  it  to  spread 
along  the  entire  seam  when  a  cherry  red  color  occurs 

L.    Start  depositing  the  proper  size  bead  when  the  base  metal  is  tinned 
sufficiently 

(NOTE:  When  metal  is  not  hot  enough,  the  bronze  will  form  into  drops; 
when  metal  is  too  hot,  bronze  tends  to  boil.) 

M.    Complete  the  weld 

N.    Have  instructor  inspect  weld 

0.    Practice  doing  other  welds 
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OXY ACETYLENE  BRAZE  WELDING 
UNIT  IV 

NAME  

TEST 


1.  Match  the  terms  on  the  right  to  the  correct  definitions. 

a.  Capable  of  being  drawn  or  stretched  out 

"  b..Xhernrcal"  used  to  clean  metals  and  to 
—  — ^  promote   fusion   during  the  welding 

process 

 ^c.  Property  of  metals  which  allows  them  to 

be  bent  or  permanently  distorted 
•.vithout  rupture;  opposite  of  br'ttleness 

 d.  Heating  the  base  metal  to  a  dull  red 

color  and  depositing  a  bead  over  the 
seam  (joint)  with  a  bronze  filler  rod;  the 
base  metal  is  not  melted 

 e.  Melting  a  small  amount  of  bronze  rod 

onto  the  surface  and  allowing  it  to 
spread  along  the  entire  seam  (joint) 

2,  List  three  advantages  and  three  disadvantages  of  braze  welding. 

a.  Advantages 

1) 
2) 
3) 

b.  Disadvantages 

1) 

2) 


3) 


ERLC 


1.  Flux 

2.  Braze  welding 

3.  Malleability 

4.  Tinning 
operation  ,  \ 

5.  Ductile 


3. 

s 


State  the  Importance  of  having  a  chenrjically  clean  metal  surface  In  braze  welding. 


4,  Select  methods  for  removing  oxides  from  a  clean  metal  surface  by  placing  an 
**X"  in  the  appropriate  blanks. 

 a.  Wire  brush 

 b.  Hammer 

 ^c.  Acid 

*   d.  Grinder 

 ^e.  Flux 

 ^f.  Water  

5.  Describe  the  differences  between  braze  welding  and  fusion  welding, 
a.    Braze  welding 


b.    Fusion  welding 


6.      List  five  purposes  for  using  flux, 
a. 
b. 
c. 

d.        .  •  ' 
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Describe  the  reactions  of  molten  bronze  when  the  temperature  of  the  base  metal 
is: 

a*    Too  hot 


b.    Too  cool 


c.  Correct 


Demonstrate  the  ability  to  braze  weld  a  square  groove  butt  joint* 

(NOTE:  If  this  activity  has  not  been  accomplished  prior  to  the  test,  ask  your 
instructor  when  it  should  be  completed.) 
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OXY ACETYLENE  BRAZE  WELDING 
UNIT  IV 


ANSWERS  TO  TEST 


a*  5 

b.  1 

c.  3 

d.  2 

e.  4 

Any  three  from  each  group: 
a.  Advantages 

1)  Provides  less  chance  of  destroying  main  characteristics  of  base 
metal  since  it  is  not  heated  to  a  molten  condition 

2}       Consumes  less  gas 

3)  Can  be  used  on  thin  metals 

4)  Used  on  malleable  castings 

5)  Increases  speed  of  joining  metals 

6)  May  be  used  to  join  different  kinds  of  metals 
b  Disadvantages 

1)  Cannot  be  used  on  metal  where  stress  is  a  factor 

2)  Expensive  to  use 

3)  Not  recommended  for  parts  which  are  raised  to  temperatures 
higher  than  the  melting  point  of  bronze,  either  in  service  or  during 
heat  treatment 

4)  Will  not  bond  unless  base  metal  has  corrosion-resistant  properties 
similar  to  bronze 

a.     Ensures  that  the  molten  bronze  will  stick  to  the  base  metal 

b»     Has  a  stronger  bond  on  base  metal 

c.     Allows  bronze  to  flow  smoothly  and  evenly  over  entire  weld  area 


Description  should  include: 

a.  Braze  welding 

1)  The  base  metal  is  not  melted 

2)  An  alloy  rod  is  used  to  lay  a  thin  coat  of  bronze  along  the  seam 

b.  Fusion  welding 

1)  Base  metal  is  melted  and  joined 

2)  Rod  with  similar  characteristics  of  base  metal  must  be  used 
Any  five  of  the  following: 

a.  Clean  the  base  metal  chemically 

b.  Prevent  oxidation  of  filler  metal 

c.  Float  and  remove  oxides  already  present 

d.  Increase  flow  of  filler  metal 

e.  Increase  ability  of  filler  metal  to  adhere  to  the  base  metal 

f.  Bring  the  filler  metal  into  immediate  contact  with  metals  being  joined 

g.  Permit  tfie  filler  metal  to  penetrate  the  pores  of  the  base  metal 
Description  should  include: 

a.  Too  hot- The  molten  bronze  will  tend  to  boil  and  form  little  balls 

b.  Too  ccol-The  molten  bronze  will  f»  ^m  into  drops  rather  than  flowing  evenly 
over  the.  iu  f^- 

c.  Correct" The  nic'ien  ^^onze  will  "oread  evenly  and  flow  over  a  considerable 
area 

Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 
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